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PEIN0IPLE8 OF CHBMISTEY 

(PART THRBE) 

OHAPTEE XV 

TOT OaOUHNO OS' THB BLBMIBNTa AND THE PERIODIO U.W 

It if) MH»n from tlio oxiimploa ppvtvi in tlm proc&ding chnptora that tho 
auni of till) (lata ooncorniiig thu clu'ruioal tmiiafonnations propor to tho 
C'loiaunte (fur instauim, with mipout to tlio formation of aoid% salti^ 
and othor ooniiHiunda having thTinito prtipjrtit'a) is insuffioicmt for 
acotiratoly dotorminirig tho rolatiouaiiip of the elomenti, inaraueb 
as tliifl may many-sidod. Thua, lithium and barium aro In 
8oma n«i>tK)te nnalogoui to aotlium and potMtium, and in othori to 
mognomum and calcium. It la evident, therefore, tlmt for a com“ 
plotii judgmont it ia neotwary to have, not only qualitative, but alto 
qiuuititfttive, exaot and moMurnble, data. When a projjerty can l>© 
TO'iasuretl it coaHOfl to Ik» vfq^uo, and btjoomw quantitative iaatead of 
im*rt']y (jualitativo, 

Among thewj moMurablo properUtw of tho elements, or of their 
wnmjionding oowpottrids, are : (a) Isomorphism, or the analt^ of 
eryitallina forms | imd, eonneeted with it, the power to form orystslllne 
mixtunsi whleh are iwraorphons j (i>) the relation of the volora^ df 
annlugtiurj oumptmrnln of the eleinonts ; (e) the coropo«ltion of their 
wlim* rutiiptiuntla ; and (>1) tho rohiti'»n uf tho aloiuio wwlghts of the 
tdi'inmtrt, in thin cluiptor wo nloiU l>n>'ily coiittidvr tlioiio four iwptHJts 
of tho uiatti-r, which aro oxciwUiigly iiujKirtant fur a natural and 
fruitful gnntpitsg uf tho oUnnonl.«, fiu-iUtating, nut only a guneral 
aci|m%»ntaju*ii with thrnii, but «lw> tlioir dotaiSed fiiudy. 

IliiitoricftUy tho drat, uml an ii.u|M»rtajit and convinelng, method for 
flmling ft rplati«»niiJ»ip Iwttwwm Uie etunjiourHlw «f two diOerent 
ia by This wnceplieu was into ©bemlitry 

by Mit«dierlirh (in IH20), who demoMtimtdl that the wrmpowliiif 
i^tiof awmicj add, and phwphorie add, HiPO^, eryslallbt 


with an equal quantity of water, show dh oxcoodiiigly cl(»S(5 resrtnhknco 
in crystalline form (as regards tho angles of their faces and nxfh), and 
are able to crystalhso together from solutiouB, fonuing crystal*? cuh- 
taining a mixture of tho isomorphous cornf^ouiKis. rsoiiinrphmn ,nu!>- 
tances are those which, with an equal nuniher of ntoiuM in tlo-ir 
molecules, present an analogy in their cltctiiifal reactions, n < l -n.j 
resemblance in .their propo'rtio.s, and -a si’milar orH-cry nearly siiudar 
crystalline form : they .often contain certain clernelita in common, from 
which it is to bo concluded that the remaining. c‘lctii«*tit*i (ns in fh«t 
preceding example of As and I*) are analogous to each utlmr. Aid 
inasmuch as crystalline terms aro capable, of exact jocic.urciucnf, 
tho external form, or tho relation of the nmlcculcn which rasoi*ci 
their grouping into a crystalliim form, i.H evidmitly aa great a. help in 
juclg^ing of tho internal forces acting hetnmen the atoms m acitmj. irs i n 
of reactions, vapour densities, and oilier like rclationa. Wi< h.tv«^ 
already soon examples of this in tho preceding pages.* It wdl l>o 
sufficient to call to mind that tho coinpoumk of the alkali mcfali 
with the halogens RX, in a crystallino form, all Indong to tho cubic 
system and orystalliso in.octahodra or cuhes— fur e.'iam|.h'. soibum 
chloride, potassium chloride, potaaHium iodide*, rubidiim’i cltloride, Ac. 
The nitrates of rubidium and caaium appear in anhyilroifs cryatids ..f 
tho samo form as potassium nitrato, Tho carlKmatcs of the «•! 

the alkaline earths aro isomorphous with calcium caflKnmt 0 '-~thar. j"!, 
they either appear in forms liko calc spar* or in tho rhombic wy .tcm 
in crystals analogous to oragoailo.***** FurUicnuortH smlium ndi aio 
crystallises in rhojnbohodra, closely re.Homl)ling tho rhouilKihedra of r.ilo 
spar (calcium carbonate), CaCOa, whilst |Kibwsimn niintfu«|»{ wars In iho 
saraeform as aragonite, CaCO^, and the number of atom-. In iHoUkiuda 
of salts is tho same . they all contain ouoatom of a mct:tl (K, X.-i. « ‘.u, i.mi 
atom of a non-metal (C, N), and tlirco atonui ttf oxyg.-n. Tic* aioUofjy 
of form evidently coincides with an analogy of atomic r>uu|i,,«|ti„n. 
But, as wo have learnt from the previous tlcscription of these mlu, ihcr« 
.is not any close resemblance in their propertlw. It la ovidwit tlial r* alchun 
carbonate approaches moronearly to magniduii} «rh<tnatii iluiii t»> 
nitrate, although their crystalline forms are oil ajualJy alikii. Irnmmr^ 

! oatJogy ol the Buli*at69 of K, Rb, C:«(fn*«|.|«r I til., H 

* Tha crystalline forms of wagonit®, stroftOftnll#, s.rfi i., «fi«. 

rnombio systam ; tire onttle of tlw nriBai of Cufin. i ia« oc a ... ... * . 


case with Kxv U3 and XtOOg. The most important and direct niotliod of 
rooognislng perfect isoraorpbism— that is, the a\)aoluto analogy of two 
compounds— is given by that property of analogous compounds of 
separating from solutions in homogemom cry»tnl$, contaming ths 
‘mo$t varied prqpordone of tho analogous suhstanooi which outer 
into their composition, Thosb quantitioa do nob seem to bo in 
depondenoo on the molooular or atomic weights, and if they are 
governed by any laws they must be analogous to those which apply to 
indefirdte ohemloal compounds.^ This will be clear from tho follow- 
ing examples. Potassium ohlorido and potassium nitrate aro not 
tsomorphous with each other, and are in an atomic sense composed 
in a ^fforont manner. If those salts be mixed in a wdutien and 
tlio solution bo ovaporatod, independent crytitak of tho two ealte will 
eoimrato, oaol) in that crystalline fonn which ia proper to it. Tho 
oryskvlii will not contain a mixture of tho two aalte. But if w© 
mix tho aolutiona of two iaoraorphoua wilts bigethcr, then, under 
certain ciroumstancea, crystals will bo obtained which contain both 
these sulmtanoea. However, this cannot Ikj taken as an ahaoluto rule, 
(or if wo take a solution saturated at a high 'temperature with a 
mixture of potassium and stKlium chlorides, then on ovaperation sodium 
chloride only will separate, and on cooliu^ only {jobuk'uuju chloriile. 

® fteiJuUatJ* (uroi»h Hip t4 Insleftaik* ohwnlt’ftl thil Uw 

Hiinturon ^'Weh a.r« mi «»aimKU tlw* t!ry«lnllia» entHjmoEttl« o/ «1«» 

iBmiUig llitt onJBt of lb© s&rUi, w«4l an alloy#, wUieh ar« no iiwpcirtaat t» Ihw apjthitfa. 
Hon of matala to tba arts, ar« «4»o Inatanoas of tmkCniloMm^ncla. And if in Otwpl«r I., 
fan maHyr oUm porHwii of Udfl work, it baa boon w^emary to admil lb« ptmanm 
of ddlnlto «oi»ponnd« (in a »M» at in nolnyona (b« mm wtih 

mm grmMt tima to imweri^tieeti mlstorM and idkya, Fw tbbi ream in ydaMi 
to Ihi# work I refer to facto wHiob «aw«odi »« to lb® ®s(»to»e# cd 4el*ilto 

nbemlfal wumKutml# in all mlKlurtis ajut alloy#. Thi« vimw «if mine 

data# ffnii* llip teistinaj »>}!.•« ia<<))i>-r(‘lt>>Uti iiii^tura# i»art»'nliiirly i-lMttf . miRriiJalirtn 

to n. Ui«vt)lMBiirj'a rmi nti lira 1 tlin ts lul'iliSv iUnt < l> atoUiailt,; i <5l'a«'it1' «'f 

jBlistIttrpa of lUa «'ltl“f«v«9 . I tUaUitili), Kt as>4 TUJU, jj,, i4. at.l 

Ibal wU»n » »*iluU>‘» HKiltoma aUtounla *4 lUcst! b 4U», il .Ss'l-'ajla rija'.aU ,Mjf 

tointog »t» KHitvm *4 iha aj»l wall, from V4 n-**- 1’ i* *’ < ”*■ *'** f**'*^** <4 ibie 

Mil, ffsrtH M 7 n* 1<W j* «. ; ibal Is, in Ilia (pryalaltina form, mlWr tl»» ilrai «»H B*!iir»t4!» lli# 
t»r th« i»w:5m« 4 Hu* in ll»« a-lnSion >4 mihaf iw wafer n‘ba}*l*f l.| ; tmm^< 

mm, to# »c4ttUlily »»f Ihe mi*ftor«w W a »*»4 0* n-r. Ki’lt'Js, ssHimIm, jis»l m ib« 

■WfioHr l4s««iti« til a mtmalM polHlmn of water in w l« lb«l of a •ularated 

rtnOoH «4 elW In water it-lwpter I , Note 41ji. llnl j»i»l at* lb*## ar# mlttUmm »k#4W» 
to all |8ro|MtrliM«», «« aIU« ewteln iwaMfpboa® Wlwn c*« W prtfcal ia to 

ab pimilsto i3f«|»*»liu«« *»l iWif pssrift. Vm ‘I lit*# call* taeb ‘ wM 

Tbww vi«w# w«r« wbwfSaisIly bf Hmki* Will H«I1J 

uiidM Hmoi to wtfikiaiu Um ahmtV94 le «! Uasoi*. 


be separated from each other by ovaporatiniJi tiui nuxturr, iKUwittt. 
standing the rather considerable difference in the finlitbilify «»f {hi-.e 
salts. Again, the isomorpUous salts, magnci*iuui e!irlnmiite, und eah-iiim 
carbonate are found together —that is, in une ery.%tal iti iialnr«». 
The angle of tho rhomholiodrcm of tliwo ningne.iia-litiie i'i ini» r- 
mediato between thoanglos proper to tho twetspani iii«Uvidu.4liy (f<*i i .d- 
cium carbonate, tho.anglo of the rhonibohedrou is Ibh h* ; oetjeo* -.iuiii 
carbonate, 107” 30'; C'iiMg(CO^^).j, lOO ' 1U’)> iVrf.iin <iC Clu'-ie in.-irntr- 
phousmixtuTcs of calcniul magnesia spiu-s appear in wi-U furmcl fiyatih, 
and in this ease there not ui^froquently cxistij a einiph’ pru- 

portion of strictly doQnito chemical combinatiuji boture-ii ila> i .usipun* dt 
salts— ’for instance, OaCOjiTVIgGOj— whilst in other ra i 's « ^proi.Uly \n 
the absence of distinct crystallisation, (in dolnmitea), no mi. h 
molecular proportion Is observable: this is til^ tlie mw in many 
artificially prepared isomorphoua mixture. The jniorod-opjtat and 
crystallo-optical rosoarchos of Professor Inrostrant^of}' and 
showthat in many cases there is really a inechiuncal, Blllnnigh no. »>*• 
scopically minute, Juxtjiposition in oiie wlmlo of tho htdrn.g* n. ..us 


crystals of calcium carbonate (double refracting) ami of tho r(.iitj«.n>td 
CaMgOjOfi. If wo suppose tho adjacent parts to Iw miortm'..pi.-rtUy 
small (on the basis of the researches of Mallard, VVerolKdi; and othord, 
we obtain an idea of isomorphoua mixtures. A f<ir«>ula of tho f..Hvw. 
ing kind is given to iaoroorphous mixtures: for instance!, f«r 
BCO3, where Il=Mg, Ca, and whore it may Iw Fe.ldn , , d-e. Thi» 
moans th^t tho Ca is partially replaotxl by Mg or amdher nmliil. 
Alums forraa^joramon oxamplo of tho srp.nr.dit.n f.f ifdin-.i phnuf 


* The causo ol tho dilleronco wluVh Is ohst/nml in diih’mit .1 iU «««» 

typo, with respoot to thoir property <if formiitK iBnmKrpliuiw inuinr. a, miut n .4 Im l.».-|s4 
in tho difEerenoe of Umlr volumetrio campodtiMa, mMiy iMV«nir 4 fc..r®. e*. I« 
Kopp, afflm. The mdleordar volume* (fouad by dividin* tbw nwWukr l.| «« 

deuBity) ol those iaomorphou* Buhsfcwieea whleh do give lntemiijsl»r*« m» $4 

oaoh other thftffl the volumes of those whieh do mit give wixtarwi j f.., t»« 4 . 

noBium oarhonute the oombtnlag weight is 84, density BtW, wul r- a: . !•.» 

volume m 81, m4 in lh« f«rw ..f 

£1 olori curboMleW lor berium eertmnete 4fl ; U«,| y, ih, 

those closely alhoa isomorphoua aubsteuaea Uwreaitei with Uw mmhmm weight tim 
w oorapaw , odium chloride (molwukr voltt»*«8t jlish 
chlorldo (vo umo« 87), or sodium aulph^te (volume « fti) with 
(vo uraowCO), or sodium altrate m with jK.ilA88iam uilmt# 4«, ulihs^ttgli ih* ktl^ sw 
of fi:>dng Isomorphous ml*ta««s than the fomwr. ti trwtaknl tfc*| iS 
oauao of isomorphism camnot bo explained by « appwslmaUwi ia iwO^atw w4m^ 
It is more bko y that, given a aimUarity In toX 

iBomorphduB mixtures is conaeoted with the kw* and 


Iftixturea from solutions. They are double sulphates (or seloniates) 
of alumina (or oxides iaomorphous with it) and the alkalis, which 
orystalliso in woll-formod crystals. If alurniniuin sulphate be mixed 
with potassium sulphate, an alum separates, having the composi* 
tion KAlSaOH, 12 naO. If sodium sulphate or ammonium sulphate, or 
rubidium (or thallium) sulphate bo used, wo obtain alums having the 
composition RAlSaOj, 12 IIaO Not only do they all crystalUao in the 
cubio system, but they also contain an equal atornio quantity of water 
of cryatalliaation (I2H5O). Besides which, if we mix aolutiona of the 
potassium and ammonium (NIl4AlS80a, 121190) alums together, then 
tho crystals which soparat© will contain various proportions of the 
alkalis taken, and separate crystals of tho alums of one or the other 
kind will not be obtained, but ©ooh separate crystal will contain both 
potassium and ammonium. Nor is thia all ; if we take a crystal of a 
potassium alum and iuunorao it in a Kolution capable of yielding 
ammonia nlum, the crystal of tho pnUisli alum will o<)ntinuo to 
grow and increase in size in this solution -"that is, a layer of tho 
ammonia or other alum will deposit itwdf ujam tho planes Imuuding 
tho crystal of tins potash alum. This is very dJsUnetly seen if a colour* 
less crystal of a common alutn Im immersed in a mturatod violet sola* 
tion of chrome alum, KCrSi,0„,l2I£90, which tliea deposit* iteel! in a 
violet layer over tho colourless crystal of tho alumina slum, os was 
observed oven bc’foro Alitachcrlich noticed it. If this crystal be then 
immonHHl in a solution of an alumina alum, ft layer of this salt will 
form over the layer of clmimo alum, so that one alum is able to incite 
the growth of tho other. If Uto <ltqK«»itiun proceml simultanoously, dm 
rpiultant intermixture may l»e rninuto and instqmrablo, but it« nntura is 
wndowtood from tho prtweding oKperiments j the attractive force of 
ciystalHmtlon of itomorphoua sulwtaacM ii so nearly ^uaI that thi 
attraotiv© poww of an iw-morphott* tubstano© Indnw a eiytfcallin® iuptr- 

Btructuni oxsetly tho same m would b® prodlue«! by tbo attraetivo fore® 

of liki» cryitiillim* particles. From this it In evident that one isunnsrphous 
»ubsstanee may induce the cryMtuUisttlum* t»f nnotber. Kueh a plunuinunion 
©XplaioK, on the one hand, the nggregation of tlilferimt hiununphous 
tultttaneea in two crystal, whilst, an tho aUmr hand, it fearvwi aa a ittMl 

®xacl imlimtitin of the ncarne*# l»oth of tlt« moliHsular «m|KMilion of 

isomorphciui 8 ul«tancps and of thew farc» which wro proper to tJn 


system and contains seven moleoukq of water, FvBO^MX-A 
copper vitriol crystallises with five moloculoa of wator in the tncliido 
system, CuS04,5IIa0 ; novortholess, it may bo easily pruv.-d that both 
salts are perfectly isomorphous ; that they are able to iq'^i’nr in idvnti. 
cally the same forms and with an equal molecular asii.mnt of water. 
For instance, Marignac, by evaporating a mixture of sulphurio mud 
and ferrous sulphate under the rocoivor of an air-pump, lU«t obfaitir.l 
crystals of the hopta-hyd rated salt, and then of tlie p. nta-h.vdratrd 
salt FeSO^.RUgO, which woro porfeictly simihir to thecryntala of c<«pp«T 
sulphate. Furthermore, Loco(i do BoWtauclran, by inuiuor! rryatab 
of FeSO^iTIIaO in a supcrfiaturattHl solution of eopi-er sulphate, eauwHl 
the latter to deposit in the same form «ut ferrous aulphatc, in cryal«ls 
of the monoolinio system, CuSO^.THjO, 

Hence it is evident that iaouioriihism—that is, the fu>ab*gy of 
and tho property of inducing cry»talUwition~* may *erve m » juoat* > b.f 
the discovery of analogies in molecular eomj[«)siti<in. We wdl take «« 
example in order to render this clear. If, Snsteail of aluminium sul- 
phate, we add magnesium sulphate to jwtasaium aulphate, on 
evaporating tho solution, the double salt > (i‘hiip. 

ter XIV,, Note 28 ) separates instead at an alum, and the mlin «*f 
tho component parts (in alums one atom of jmtaiBiuni {»r ‘.IHiJ,, and 
here two atoms) and tho amount of water of crystallimtian (in idsima 
12, and here 6 equivalents per 2SO4) aw quite different; nor b tlua 
double sAlt in any way isomorphous with the alunw, nor c*f»al»b «»f 
forming an isomorphous crystaUmo mixture with them, nor cirwi tho 
one salt provoke tho crystallkation of the oUrir. From thi« wm 
must conclude that although alumina and magnwui, or alufiilnlwti 
and magnesium, rcsemblo each other, they tmj not ti»m«*rpb**i»s, 
and that although, tliey give partially eimilar tloubh- jsnlts, tlu-w 
are not analogous to oacli other. And thia ia rxj in tbrir 

chemical formulw by tho fact that the uumln'r of »eom» in ftluiwiia nr 
aluminium oxide, AlaOuk different from tho numbor in magiiwk, ). 
Aluminium is trivolejjt and mognedum Wvalttiit. Thw, having tthuiumi 
n double salt from a given metal, it is poisiWo to Judgo of tlsc 
of the givei;i metal with aluminium or with or wf il» 

absence of such on analogy, from the eomp«it|ort and fnrto »if thto 
salt. Thus zinc, for example, does not form alums, but forai a. d*ittbl« 
salt with potassium sulphate, which boi a eomt3«itb» mmiW Uka limfe 


also indirect proofs. Thus iron gives ferrous compounds, ToXa, ^tich 
aro isomorpbous witli tl)o compounds of magnesium, and ferrio 
compounds, FeXg, which aro isomorphoua with the compounds of 
aluminium j in this, instance tho relative composition is directly 
determined by analysis, booauso, for a given amount of iron, FoCla 
only contains two-thirds of tho amount of chlorine which occurs in 
FoClg, and tho composition of tho corresponding oxygon compounds, 
i.e. of ferrouH oxide, FoO, and ferrio oxido, FoaOg, clearly indicates 
the analogy of tho ferrous oxido with MgO and ^ the ferrio oxido 
witli AlgOg, 

Thus In the building up of similar molecule® in crystaUin© forms wo 

on© of th® numerous moans for judging of the Internal world of 

molicalM and atoms, and ono of tho weapons for conquests in tho 
inviwbl© world of molecular mocluinics which forms tho main object of 
physico-cliemical knowledge. This mothcHl '' has mon) than once bocn 

* Th*i jireiM’rty of wlitlB of ooourttag In ro^mkr erystoUIno foma—tho oesounenoo of 
nifttiy unliBlinuot) in tJui ourtli'M cruet in Uu*«c fonns~«.ml Uiobo gcomotrioftl and simple 
lawa wliicti Kovern the fommtion of «3ry»Ult» lojig ago atlracUKl tho attention of Oie natu- 
ralist to crywtalM. Tlw t^ryntnllltio form I#, without tlouht, thn oxpr«li»ioa of the wlatioa 
in which tho atoms ooeur in tho molftodoo, and in which tho raoloeulo* oeour in the laasa, 
of a Bulmlanw. OryotalUoatinn i« dol«mUne«l hy the distribution of the moleotUwi along 
lh« dirwtion t»f graatwl cohesion, and thetefare those forces must toko part in tho 
erysitoninp diatril*HU«'n <»f matter which act Utlwetm iho TOolwules ; and, a« they depend 
on the fiTicB hiiiiliog tho atoms togelhor in tho nmlitculofi, a Vory olowo cmuuw* 
t!o« mimt csist iHilvrocn ihn aUniiiit cximposilinn and tho dintribution of the atom# 
la the nii'hculp on tho ono lisotil, and the cryBtalUnit iorm of a »uln»laneo on tha 
other ItBod : tticl sii insight into Uw' CitniitoiiiUnii may ho anrivod at from tho 

<*ry»Ullijin fi»rm. finch in the elementary and ii jtriuri idea wliirh Hob at the liaiio of all 
r«s*>*ti lies into th^ connci fiVn Wwocn row/ioffifoot unit c‘ry»lall%n 0 fitrm, Hally in 
fmi cBiatdishwl the fi*U«wi«g fumlainentol law, which has boon worked out by kk»r 
tnwtS|f»li»w ; Timl lb« fwndaBwntal pryatollino fomi for a given oliemical cmmjKJund la 
(only the ewnWnayona ^ary), and that with a change of comiwitioa llie eryatol. 
lin# honsa also ehai^wi, aatwally with tho exeepUoa of weh limiting forma aa tha cub#, 
ffspihur to,, which way Iwlonf to various substoow of the wfukr ayi tem. 

Tlw fnndaiHiPMtfti f»roi l« tlolerwlnod by tho anglou of eertoln fundamental goometrio 
fctoiB (pn- !!13, jht'mlmhpilrft!!, cr tho ratntnf the cryetallintt a«iw, and id con* 

Oci tr4 »iSh !hn ■ j'lirssl ntol maiof .•tin t j I'f cryutal*. ^Hini'si Uio osilmbliBhinonl 

«4 ihiB liiis litri >!■ ji i.f •!< Uiiitn . in ft ®.'lnl utrtti' tss fti CKinj'isnicd by a 

(Ins. (•i;!-.in.i5.i,8n idM f! tU cr)al!jl». wimtl t'KIJia ftlt illVrtl dctillltc, OWl 

I Tho onj'.-ilanl .'jx-. ha «n the fnrlhcr hi*t*‘ry nf ihm •jllcutlnn 

WBte «i.a4» !•< {liK f. !l..w»s>il diaw ..ireSjps — Klaj'04h, Val!-iUplin, sml »4hi-r4 alutwcd IhsI 

*f*s 4 f<-Ssi!»> l.a-s t!i«5 feati)« »9 rale- !»js»r, whiUl the (••rmof WhiOgi to IbO 

tf»s.a»|»«- »m 4 Sis" }9«er !*• il»» t»psag-'' 0 n! »jret®i»i. HaUy al first rnnaohrod iHsI the etw- 
•is’l ofio? lJ»ai ri)» .•{ the fcii.ini«i to the mfU’cole* wm differ**!. 


puuiius j tiuu aa V 4 .J 0 UM.AQ 


crystallisationoU ono aubstanco in aifTomit forms, nol nw'oawnly .n(| }y a 

enco in tho distribution qf tbomolooulO«,ftlthftUHh wwuui.rf.'r.nunil.-jsly Th.>». 

aeivroliQB of Mitaohorlioh (1822) on tho aimon»l«s>n f'f r-nfiim. 4 

although it cannot yot bo affirmed that in dinwriihiam tlm arraii*:. ci. ns ■ f »!». as 

remains unaltorott, and that only tho tntiloculi'a wo distnhui. '! !< siit!.'. Ii«Main*, 

Bortluet.'WollaBton,antlolhor0ah'oadyl<nowlhttlmany'»ul>!it*n. . ss. fd.sr. Si s.i. . m} - a,!, n 

niipoarin tho samo forma, and eryatalliiw tonollmr in cim rr5»S4l. tiay Luas^j.* i! >trj 
showed that crystals of potash ftUun cumlinua to ifr»w in a « 'tul i.'O *'( Aiuiii. Kijb silum. 
Bcudant (1817) oxitlaincd this plmnommion »« tho n ! f. i,.)» sut sSasw « hy 

a aubstanco having a great force of cryutidlKmtinn, which h« 4 ! v »r,»iiy »;4Suf4J 

and artiflcia.1 oxaniplos. lJut MilHfli»'rlieh,tiii<l nftorwanla Jl<'t:rl,6Ui4«4 ll. sis-r IS t., a, i t 
others, showed that such an asiiiniilatiim only oxiato wiih a.»tiniUiity or »i j s-iuiisfa jit„j 
larityot the forms of thu individual suWlancoa and wilh « i ,'ttAiu.!- >i t . 
analogy. Thus was oalablished tho idea of isimnrfihhm »» an troa! . f l.y 

reason of a roaomblanoo of atomic oomiwiBition, wul by it waa ptjd.n.ic-i ji,-. v as. 5,5 .;,ij ,,{ 


tho composition of a number of minerals as ismnoriilftna mixliirt 4 ThuaalJ ii.n ^ 
arc exprossod by the goneml formula: (RO)jMjU5(Hii5j5,. whwa U-f'e, M,-, IV, 
and MwiU'c, Al, and whero wo may have oitlwr It and M wepwaJoty, . » (hr.s .v. 4 .j..a!..i 4 
compounds, or their mixtures !u all iKisaibla pr. iHirh*>n». 

But other facta, which render thucorrrdatinn of h-nn »nd ■>» sS.'l o.. *« , . »n 

plox, have accumulated sldo hy side wilh a iim»s of d^t* whi-.h ni»y W, ». . S , ty 

admitting tho coiiceptioiia of iwomorpliisin widdimon'lnam I*, tr ii>. »5 ah, :.*• u.r- f ,«i»rf 
stand tho phonmuona of /mmcomor/./tism—Umt is, a newnss* .4 < wa!* a .5iRc,MK«» 


of composition— and tlinn tlui caBos of tK<lyittr<r;>hi»<n »n*l h« num- «j S.n>., u.»? a 
noarnoHB of the fundiummtal forum oe only ..f cerUtn »•»*’!«■■> f-r .»5 
near or analogous in tluiircomi«isil!on^ I>5»t«»waof h»mr.-w.'»p}no!Ma»Bro»y ii.,...,,, ua. 
Many of those, however, may ha reducml to a rewmldsnro >4 .. ,,.j »a. 

although they do not correspond to an l»ont(>r{diisui «l iho (rlrmoia. f .f 

examplo, CdS (groonochile) iindAgr,CaC 0 j{afa«..nU«)ftn 4 KK'.,.i'ar.i,...,5, 1 

NaNOj, BaSOi (heavy spar), KMuO^ (|»ttt*siMm i*®fm»uganst.^o, *,,4 K« I* .j 
porchlorato), AljOj (corundum) and FeTiO, (titanUi tr..K or.*!. IV-.i, i.u*,, ,1. „.i 

system) and PeSAa (araenicul pyriUm), NIS and NlAs, Ac. l«i>5 1 *=. ,»5?5.u ea 

thoro aro hoinoomorphnus sulislaucoa with »n Bh*^ukt d.s.iu(ih»i-t» >4 » k.i ».iv.si 
Many such instaucoB wore pointful out by Dana, »«'(. an, I 

P^SO^arhCO,', appear in very analogouB crysuJtme 0,o *-.1 

sulifljato crystalliiios in tlm uimuicliuie systorn in orjuUJ* «.» f«l 5j.*s Ji -il • > . * V 

glauberito, Nii./ 7 a( 80 ,)j, nuglle, ItKiO, (H-tVMgh s^4.«.n J.'-,' < ,i' 

Glauber s salt, N(ta8O.i,10H3O, nml homx, NojHrOf.loUA n.4«n5y l»b,ng i.. 

Byatorn(monocliniB), but exhibit an Mudogyaf eambimtimm m.i » « .,f . 

sponclmg angles. Tlwse and many other slmilaf e»jmm «M*af i*. l a 

orbitTwy (SspeoMly a* a «ea.ma#9 of aaglea and fondwwsnW 
wore there not other omm where a memblwroe t4 ptn^mrim w»d i n 

In tho variation of eomiwsiUon i» ommeelwj »|ih » ,4 !..#«» 

InVnSi’ and water, 11,0, m« fr^tawtly is 

amphiboles which only otmUto oilim and ma«n»»ia (M#i, t**u„ IVt» 

S,?? 1 fsomr^ K.r», 8Uang that MfO may I^b r..f4«»4 W « 

cortain 1 (la Iho WUphiWk#, *«4 ^ 

iWs order we *ttb|wl ta doahi, »!«,» .4 ib# 

natural minerals which sorved as i.li* tui»ia .... tt, « 


witu Vhom; tliey lUfireiorn lu'itmg to ino euifw. oi pumaonwr^tM, or hum eryimm. 
Tlusro in, howttvor, iio iloutifc of tint oxiaUjuro of a wliolo writs# of iiftUirol anil artifici^ 
hoinrnmoriilm, which differ from each other hy alomio amiuiitls* of water, uilien, and Borm) 
oUusr comtKJiumt jiRrln. Thus, Thoniwin (IH?4) showed a very HtrikiuK instiim o. Tlvo 
inoWlio chlorUhisi, UC1«|, often cryHlalliw with water, and tl>«>y lio not then contain h’Mi 
than ono iuoIbcuIo of waUir jwr atunr of dilorine. , Thu numt fntniliiir ri'int’wnUtivo of 
tlio order Ht;i^,aHgO Ib Battle, 811/), winch cryiilftllimin in Ui« rhonihiv ftyRtoin. Bmiuni 
bromide, BaBrsialb/l, and cojijhw chloride, CuCl},aH.jO, Imw nearly tlu> waraa fomw 
noUMium iwlato, KIO^ ; twtanMiura chlorato, KCIO^ I poU.i«ium perma«gan»l«, KMuU^; 
•barium Bulidiattt, BrH 04 J calcium sulidiati, CaSOrJ stKllum aulphakt, N%M 04 ; barium 
formate, BaCaH^O*, and others hat® almott the sams eryataUine form (of the rhombla 
*ytt®m). Bamikl with thii Msrfei is tlmt of th« metallie eUlorldoi t»nUlning' bjO, 

of to Bulplmtes of to composition KHOi.'ilfjO, and the (ovmalca 
Thi»i compound# belong to tbe monoclinii) fiynUiin, Imvti achcat rtnicuibl.uicw td form, and 
differ from tht'flrwt nt>ric«by conlftiiiiin;twojiip.vi'iuoli'cidi iiof wnli-r, Tin- adiblion of two 
moro inolccuU'fi of wator in all tbt> iiboNo tn'ilca id'.o ^/ivca furiiiM *'f llto inonin bine ayBtwm 
cloiicly U'licnd'liiii-r curb otlnr; for t snimiU’, Ni''b‘.nHjt) itn*l •,■* 111 * ’■ l£cii<«<w«) 

nco ill at not only •» U( '1 ..'.ill J > (uiid<> 4 .;oiin in form to It^U luol 111 'JI / (,, hui itml llicir 
coinpotind') witli Ull-jii wild with 4ll5i* mIsmi eshibtlihnicly auah»j|ou» fonnt*. b‘«»>iM lh«®« 
esninplcss it in evident that llio conilitioim which detBrinine agiv-en form may b« r»sjwal#d 
not only in the prcanncn of an iftsimnrphoua eschaiigti-^-tlial i<», wiUi an wjUal wtuniwe erf 
aUmiB in llte rnolwule— but also in the pr»*«s»to« of w» unwjual jiundwr wlwB tbwn wr« 
prsculiM and n« y«t ungemiraliwwl ndalioiw In Thu» 2 SbO and Alj% 

exhibit a close aualogy of funn. Both o*idea l«> tire rhmw!»t»«ir*l and 

llw wigle Iwtwiwii llie pyrniiiiil wi'l th« termiiml pbmo of the flrat in IW’* 7', and of thn 
WH’oiid Uh’ 4U'. Alumiim, AljOj, ia alno ttii«h>t!ou«i in foini to and w» aliaU *#« 
tlittt llii'iw atmli'ijic# of foriii arc coiijinitoil with a ccrtitin ftiwlujiy in j'loiw rlioa. U in 
nut aurpriKiiijt, tbwr»'f«'rc, tb»i in Ibe rwin|dc* nixlcrute »<l •» Bib««nniw c<.tiij...aud it iu 
fctimitilllca jtiimiildn to feplare HiO^, by nieairt of Al,l I*, a* Hr be or or udoiita. The oside# 
CUijt), Nttt, Foifh, (‘otij, cryfclAltnM* in tbo rrgulsif nyntrin, RUl»oMir;h they m« of 
wry diflerrnl fttomw »tru»;lMr**. Marlgim© d«iu>tii!iir«i«.| the |-w.tfrrt «.iwb»gy of th« 
forms of KjZtF# and CaCOj, and lh« fonner m *>vbii 4nn«rj*bnM*, l>bo ib^ c alnum esur* 
bmmte. Tl« iim« sail 1* liwmortiiiMm with It|Nbt»b\ wwl lljWttjFs, it i« as 

6j-k*li ittetei. Thar® k C«Ct% awl K/£tF^ tmeMum K® to 

itjtilTftlfttit to Os, C Id Hr, m4 F* to Oj, »d »ilh to IwawrphlMn «rf to oth»r Iw® 

»« ftmi b«gB«i m iwttbwils «»f to «lk»l4 BWHibtf «rf atosw 

fta the one hwid ftttd M» f t*» to p»p»rtksii of KaZrFs on Uie ©ll»r. Th« bmf* 

hn«iw»i i:si<mor pbiBiii of Urn r<>rre»jM!nst)njj com|»«»wn»!s «»( {."olcfisiMiii «n4 »«tnin> 0 «»ttwi, KX 
Btnl b'lI,X, may be tjikcli as tbc eimpboit c «.f Ibr f«« l tSta! ft« S 4 ««S"}.;f t»| l.srilt 

alioWB ilBidt w ilh an analogy of 3 ! ii-iol. n »,»■!» wiljcti! an «'-|'!.-sb«y ssi al-'Wiio 

, 11 , 'i Idijcf.., e 11, n iillincaSsj |j U.«>ruUsr- •!• -p lb,-, « j s ■■ i AU-4r 

ftf rr5Hi|,>.stli>>a Mul teill old}' be Bti.ssd at Hijlh lbs »' « issn«t*4* 'H «•! it 

«lBirieHl rinttut'cr r,l facln r.i43ecl*4 r>»i » |dan t'U| 8 »»|s, 4 nltsij; •■silh llw |,.j.44ii!ii»s wbiek 
hero Uws»n>«i»esi Tbo fiissl b*«» 6jjr,»4f li««n sstad-a Tl»« tintmiiuh** 

llw »4t'iiissl. MMii“ri««s, Oifl M }»,! silujp b-ifni awl t4 *4 

Awlil* fluBitslis®, «.»«! ilw »Mrh r4 W|«4 b>9 m* to fo-rtjr yaiHito fc».f| titlw# es!«»|!#»is4% 
MW »*M|».rt4»ii In lta» Jt (» »iA *. 

to.f»fio «'»| c»»>|»b4IIo«, CBtliiitt Ilirt ftW 

iabje^l to ftlicrato-w. t'iwrli m ifttiAte** «| to telalr-rw *1 k$m» bif 

ttjul b| |»»w AiPwiwer^Aiiisi^ (m I*<W4| »!»•« |i« U 

to efefta.lii «i4 p^rstmisr^ki^ |fc* p^m i« rn^mth mA 

him »alaLS^iEa ^ A 


tially different, and their apparent cuvemity miucea m ft mw 
fundamental differences of typo. There the tnoleculea aggrc^aie 
themselves into crystalline forms ; hero, tho atomt aggrt'gAte thorn* 
selves into molecular forms or into th^ t^p6$ mmpmmk. In Iwth 
cases the fundamental crystalline or molecular ‘ forms aro Uahlo to 
variations, conjunctions, and oombinationa If wo know that 
gives compounds of tho fundamental type KX, ■whom X k & unlvalerit 
element (which combines with ono atom of hydmgon, awl ia, w^swilnf 
to the law of substitution, able to roplaeo it), thwi wo kntm tho e«m* 
position of its compounds : KjO, KHO, KCI, NII^K, KNO|, 

KHSO4, KjMg (S04)j,6Ha0, &c. All the jxwtibh) dorir^tiwi orj-teid* 
line forms are not known. So tdao all tho atomic comhlnatlctM nr** no| 
known for every element. Thus in the case of j>otit**ittw, KCII3, KjP, 


rhonjbohedron may bo gmbcr or leia Ihaa 90% imJ «««h «w«l« «»4 wbiiw 

thombohodra may closoly approxtemta to the oob®. 

the tetragonal system, aiid Ube planes of its pyromidl ora iwUnwd j»i ah A«gl*> nf my.m% 
118% whilst magnetio iron ora, Fe^OafHfhioh r##eml»l«a hsmuJwatHN in uwmf 
oppears in regular ooiohedro— that is, the pynuaidaJ pJiuw* an. irwStinwl at mi mtgh 
109'’ 28'. This is on example of paramorpWsm j the system* ar# t4i» . 

tions are analogous, and there is a emMn r<e»e»hla«t:« ia t^rw. Is** 

been found in many Instonees of sallna otsd other MitolittttlAfi*. |,as»r#f»t «!»»««' 

etrated, and Blntee confirmed (1878), that uaphdidsim of 

altton ate hemtmorphous, NlekltB (1849) riiowed that in »h«» nf 

the prism is 195® 90', and in the nitrate of tb» wmo IM'* »S'. 11»« mtgU «{ the 
prism of methylamine oxalate is 181" 90', and of UttorM#, whkh ia 4*(f»«r®l»s i« i-rtW 
position from tho former, tho angle k IBS®. Orrth w4i;av..!*fwt 1 - ttt4w4i« in 
general what kinds of change of form with lh« aaMumk/n (4 hf 

various other elements and groups, and ha el^ved a whjBh b*i 

morphoirqpy. Tho foUovring examples show that fwjr|»h«tr»py r**IU i4w 
of Laurent. Bonrene.CjHj.rhombia eystem, ralk of tim ojomi ttSM ! ilr ftSf, 

CaHjiOH)) end resoroinel, OjH4(OH)^ also rhwnbie b*}t th# f»U«» f.f iShiB Mi* I# 

chonged-lhua, in tesoroinol, 0-910 i 1 ; 0-540! U«tl», a 

taro in one dlieotiop is th® some, but to tae &th« dii««Ms» A ia «fea»i«4. »M*i m 

^d), 0(|Hi(N0h(0B5 • 1 1. 1 nsJi #. mu i 1 s I »♦, 

HMe the rat 0 ol the « Ms to ^ mm m0m rnmmim 

ondtho ebemlcal proxtmf^ of the wtupositto of thm mk$ to mimhimi. 

compares. ham^orphtem.wdtaMitoitee^ rtyto. Thu*. 0 »|Ws sii*«d»»l# iifrt l*i mmmf 
respects, but there is ea. andoty toitb to lh« »«» teW of ^ »*«*« 

^tlonsftndtooe^adat^-teriWaMp^ »• «.f 

S I®*®?* ^ woliOBlae mMhwta (wmk fa«»A fmMm mmmm m 

many provinOes of natana selanoe) tm the kriw ^ ji* * 1 * 1 * 

to Subtold *""“''£1'* toke »Iwa.to bm 

is Bubjeoted to a known ehestga, mA taiwftw I il 1 , t,, 

student of soionoe seeWng for matta* for 

Wo^wWohispresentedby thaoowtriofiaaef r. tail.. 

lorlty and vorted beauty of etysiAUtoa tones offer noissailatteiiMM 


EX, EXa, EXa, EX4, EXa, EX^, EX7, EXg* 

Let X bo chlorine or hydrogen. Then M.ex&mplei of the first 
we have ; Ha, Ola, HOI, Eld, HaOl,,&0. The compounds of oxygen or 
caloium may iorre m exMnplM of the type EXg : OBCa, OOlj, OHCl, 
OaO, Oa(OH)a, OaOlj, &o. For the tbW type EXg we know the 
r^mentativ© NHa and the corrisponding compound® NgOj, NO(OH), 
NO(OK), I^Ola, PaOa, IHIa, SbHa, SbaO^, B^Os, BClg, AlaOj, &o. 
Tho type llX., in known among tlio hydrogesu ooiupmuidH. hlarsh gat, 
Cir„ and itH corretiponding aaturntMl hydromrbons, arc tho 

lujat. roprostsntntivoa. Alw, ClCgCl, GCI4, BiCl^, SnCli, Srd >.j, Cl >3, 8iOj, 
and a whole series of othor compoundi como under this olwis. Tho typ« 
EXfl ill also nln;ady fatnilifa* to uh, but there are no purely hydrogon 
eeunjmmulB among ita ropr«»ontiitivoa. Snbatnmonko, NH^Cl, and 
th© ©orrMponding NIi[4(QH), KOa(OlI), OlOa(OK), at well m FClg, 

IH) C1^, 4feQ., art) r«pH»ontativt» of tljia tyj>e. In Uj© higher typei aliw 
then) art) no hytlrogcu cmajiounde, but in dt« ty|[K) RX<j thoro m 
tho ohlorino oainpuund WCl,., liowovor, them aro many osygou com*' 
poumk, and aunitig tliom Ht m th« Iwst known rcprtswnfaliviK To Ihw 
clan* aliio lailong 803(1)11)51, HOgClg, HC)3(Ull)C!, CrOj, &o., all of an 
aoiil character. Of the higher ty)H>a thertt are in gonoml only oiygon 
and aeld reprwentativim, Tho typ© ItX^ we know irj porchlorio ndki, 
Clt)g(f)M), and pota^um pomjajigMtato, MnO|(OK), l« also a member. 

II ) 6 typ© RX| in a frw 8ta.te is veiy mr© | cwnie tohydrld% CkO^, It 
tho lM«t known n'pnwimtatifo of it.* 

** Tlio eiilt ,«>•,'» ri<i,n,i|niit wm »<i Owwly in y-»« 

enstaUx Iti b*H», c.tDilai »5 |i 4» ■ lli»iy »aui|- taj s«!|(ar4«kl 

,n>lf-jwn>lrni, Rro, )!<•»•«’»•«'», n:"®! csiaiijr ini )«»♦*!. h,.,! ^dl, »>wr kn.mlf-.lji'e 

M erf w|,*rfsj nii4«!fii3ta t« U»«i>r«s m» nu 4 -mI-Sb rota. 

|tit»,sn4», r»snt*i,iin^ *•!«» »$■•*}«» i-f »r» U »,n4 tnany »4 Kiher BlesiwuiN llX#. 

TIib »!:«!»« ifcam Bsi, !•»*«' .1 «U »l «iirf!r} r.)inlrt,M»Si»»SM» ».rf ft «4 ilw futtswl* 

rA«»)84^ witlixMl tioiaiing kn.s»M iw d-ntiUi e I tf« «, lJj« 

MfX, «# U.S.%. U»» MgSsllj eM»Ta!«|iss»H}» lattlil WJlt! ll,*f l)|» 111# 

«*»!«. MgXj Willi Ih* ly}»S*af dso »,|,i|sll(»r C»»|« #»»}« »# la 

fefinral MS*. wl»»f«s Sj t« 1>J it*!))*, li*i WtlatlilsttoH tdl 11| %f 

Hw «|s»W Ut, fclwafa r»pla«»» il |»#»l tm S*> 4»*kfii tllAt 

rsftes *•*#««•}«« i 

ft»4 ili*i Uw )» ^ AisM# •Ite *4 *» Wirti 

tt» fwrlki# «4 »lto, 


appear for such acid compounds oa aro forniwl by chlurim*, (^xygru, a»ul 
similar elements. 

Among the oxygen compounds the mlintf emtfc.f which nr»^ CA|ttt!>lo 
of forming salts either through tho function «if a bsia<» nr througSi th» 
function of an acid anhydride attract tho groaiciit intcrtc^ it) t^vcrj 
respect. Certain elements, like calcium and tnagncfdum, «ujly ^;i).* r.nf) 
saline oxide— foi* example, MgO, oorrospouditig with th«» {ypn 
But tho majority of tho olomonts appear in oovcml such forma, TIium 
copper gives OuX and OuXa, or OujO and t’ut>. Tf an I’bujHint H 
gives a higher typo RX,„ then there often also exist, m if by aymmei ry, 
lower typos, EX„«.s, RXh.» 4, and in gonensJ such ty{H'a m thib-r Inun 
EX„ by an even number of X. Tliua In the mtc* of aulphur Jh« 
types BXji, 8X4, and SXa ore known—far exattiple Htij, i«,il 
SOj. The lost typo is tho highest, 8Xg. Tho tyjH'a HX^ «tid BX| do 
not exist. But even and uneven type# aonietimes api^’iir far tma 
and the same element. Thus tho types EX and EX|ara kuuwn for 
copper and mercury. 

Among tho mNm oxidos only the i^Ji{ fypm en«im>rat«’<il I ortlaw 
are known to exist. They determine tho powlbla formula’ of tha 
pounds of the elements, if it bo taken Into 0un«id»mti<D that an 
element which gives a oortaln typo of oomblnaUtm may aim 
lower types. For this reason the rarts tyja) of tba „r 

quaternary oxides R4O (for instance, Ag^O, Ag^tl) b nut rhara^rterw- 


aUoye, solution*, &o., (n tlio ofMmteal *otm# of f««hk {iH*! ts^, «jc.h *«»* 

easily doetroyod by fooble ohemJeiU Influenws) it »UI u «»«*« «i » 

por/oot gonoralisaUon for them. For a Iobk tlm« Ute»o 

way or by ohonoo | our knowlodgo of Uwm l« ftooldautal wul .4 ws-l 

fcro ft Is fmpoasiblo to oxpoot w yet any pnonaiKatiint m fci their a«h*w ti« j ^ .4 
Gorhardt are not long past when only three tyjwi wen. r*w..«f,}*e 4 1 i«. MX., «,i. l liS,. 

the puiTpoBo of generaUulng the ^ mpeeUag Uw »rW» mmpmuU Atui iLm 

•S for example, POOl, from «wi4«{«|{ tl,« mjgm t« U 

v^ety of phenomena ThS revoluyoa hmm erl.k«i illu*( l, t 

not a compound of PCI, + Cl, (alU,ou«h rt may Um ItZ 

•inolooulo capable of paialag Into vapear, 1^ llfc» I»f* 0*4 g|f*, th» u$ma kr iIsm 
rocogmtion of types seen Wgher than m, te In »y te JZ flZi « !« 

wme, wo can already see in the feet ^ exalte a^ CdLO^ a 
h^ate with 3 H ||0 ( but It may be referred to the iyo# CM,., m f»jyfc«r ti» « * j 
of iiyawiw) M* to 
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tic it is always aooompanied by one of the higher grades of oxidation, 
and the compounds of this typo are distinguished by their great 
chemical instability, and split up into an element and the higher com* 
pound (for instance, Ag40m2Ag+Aga0). Many elements, moreover, 
form transition oxides whose composition is intorniodiato, which are 
able, like to split up into the lower and higher oxides. Thus 

icon gives magnetic oxide, F03O4, which is in all rospects (by its re- 
actions) a compound of the suboxide FeO with the oxide li’esOa. The 
lodopendont and more or less stable saline compounds correspond with 
tlie following eight types 

B3O , salts EX, hydroxides ROH. Generally basio like K^O, N% 0 , 
HgaO, AgaO, OugO ; if there are acid oxides of this oomposition they 

are very rare, are only formed by distinctly acid elements, and oven 

then have only foobloacid proi>ortioa ; for cxan>i»lo, CI3O and NgO. 
RgOa or RO ; salts RXa, hydroxides Il(On)a. Tho rnont siniplo Iwwlo 
sftltsRaOXa orK(()H)X ; for instance, tho chlorido ZugOCla ; also 
an almost exoluaivoly basic typo ; but the baoio proportio® are moro 
foubly dovoloptwi than in the preceding type. For oxampK OaO 
MgO, llaO, PbO, FeO, MnO, &e. 

EjOa ; salts RXj, hydroxides R(OH)3, RO(OH), the most simple basio 
salts BOX, R(OH)Xa. Tb© bases are feeble, like AlgOa, F®|Oj, 
TlgOj, SbgOj, The acid proptsrtioa are also feebly developed | for 
instance, in IbjOg j hut with tho non- metals tho pro|>ortics of acid® 
ar© alrwuly dear ; for instance, I*bOj, i’(()II)j. 

EgOi or EOg ; salts RX^ or ROXg, hydroxidi's ll(OH)^, R(>(On)j, 
Rarely bate* (feeble), like ZrOg, l^tOg , more ofUsn add oxide* | 
but tho acid proportitjs am in genond fcoblo, m In CO*, 80 g, 
SnOg. Many Intermodlatt oxld»s appear in this and the preening 
and following typ«. 

BgOg , salt! prlaolpally of the typts ROX» EO»X* RO(OH)t, 
rarely RXa. Tli© '^sie ehamotor (X, a hal^en, 
simple or ccunplex ; for inMistneo, NO^, (!), &e.) is f«-olile , the wsld 
character prrdumijuitra, an in t«*eii in NjOj, 1%^)^, (‘IjtJg, then 
X=it>II, OK, Ac., ftir esample N(>,(t)K). 

EjO^ r»r Htb; »all8 and hytlmxidos generally of the llO|X^, 
Oxides of an aeid chamfli^r, m 80 ^, OrOi, MnOj, 
|»tt«|«rii« rare anti ftiebly develoimi «» In UO3. 



It I'S evident from the circumstance that in ftll the' higher lypw 
the aoid hydroxides {ior oxaniplo, IICIO^, Aod 

with a single atom of one olomeat contain, like the li%h©r miim 
type ROj, not more titan four atom of oxyynn ; that the for»ati.>ti 
oftheealino oxides is governed by a certuin Common prinel|il« wliuih 
is best looked for in tho fundawont^a propiTtles of mfgtm, and in 
general of the most simple omnpoundi Tlw hydmto of th« fwide 
RO2 is of tho higher type ROj,2irsO *3 RH/»* « 
for example, is tho hydrate of silica and the «li» {orthtwllitmtca) 
corresponding with it, 8i(MfO<* oxide «0nw|wtHli with 

tho hydrate RjjOflSHaO « SllHaCh wa 2UO(on)j. |« orllio* 

phosphoric acid, I^IIaOa. Tho hydrabi of tho llt>, {ig 

R03H20=RHA“3i<“^8(^^^^)s””^'^‘* Bulpherio toltl. Tlio 

hydrate corresponding to l« ovidwUy - 

for example, perolUoria acid. Here, Imidc* «»i!Ulnir»|| *»,. it 
must further be remarked that Ihs (mumni tf hydmym in l.4» kyilnm 
is squat to the amount of hydroym in tk§ hyd-m/mt mm^nmnd, Tlaw 
silicon gives SiH4 and Sill^th, phjjsphartw Fill and iwlphnr 

SIIj and SHaO^, ohlorinn Oil I and CinO|, Thi«. if it 4 m» n.»6 
explain, at least oonnocta in a hannorjhms ami nenBisI »ywimn tl* 
fact that tho elements are capable qf combining mth » nmumn! 

oxygen, tJte less tJte ammnl tf hytlntgm wkkh tk»y mm mb-h #» rwttdm. 
In this tho key to tho oomprohensioa of all furtbr»f ttelttelion* »»*t Im 
looked for, and wo will therefore lonaakte thk rnlt in |fwwr*l imrim. 
An element R gives a hydrogen cwopound ltH«, this hy4rai« &! im 
higher oxide will bo RH^O^, and tbensfure the Wghtr ttskle will muUht 
2RH„04— aHjiOisaRjOfi^. For example, ehforitt# givise Clii, hydrato 
CIHO4, and tho Iiigher oxide C},Oy. OH 4 afiii 

So also, SiOg and 81114 are tho higher eowpi»iifii of %ii|| 

hydrogen and oxygen, like COg ami OH44 Her® tbi mnmUul mfifm 
and hydrogen are ©iiuivalent. Nitrogen muMum wlllt » mimm% 
of oxygon, forming N^O^, bat, on tb otbr Iml, *lth » *tiiJi *|ii*!il4ly 
of bydrogon in KH3. f/m (f ik« tf «»! 

oxygen, oocurrlng in oembtoatitio with «i atf* ti It, •« 

always in the Egher typ«, ©cja&l to dyht, II k th» mii» wlllt tim 
other elements wMoh ©ombino with hytb^ mf^s tkm 
sulphur gives SO^ ,* ooMoquently, tix <rf mf^ f*tt to m 

atom of sulnbiir. in «« 


'%hioh govern the foniiafeion and propertiw of the oxidet and of all the 
eom pounds of Jtho ©lemon ti, but also a fsmh and e^acfc mcaai tor 
dfecogniaing the analogy of elomenta. Analagous oUnu«nita giv» com- 
[pounds of analogous typot,boCb higher and lower. If OC)^ ajul H< )j arti 
two gawfl whioh olosoly rwemblo each other both In tlwir physical anel 
lohemloal propertlw, th© tmmn of this rauit bi lookitl for not In an 
•analogy of aulphur and oarbon, but in that idmfelty dl tin tjp* 
'of eombbaatioia, EX 4 , which bodi oadd^i aiwm^ i» tl»l In* 
'fluent© whioh a hu^e maas of oxygon always exerfci on th® proporti* 
Its oompounda In fact, there i« little rt»emblaneo lietwi»n earlKWi 
ihnd sulphur, m ie seen not only from the fact that fg the higher 
[form of oxidation, whikt HO 3 bt able to further oxidi«« into H< Inst 
jalflo from tho feet that all the otlujr coinputuntla -for example, HH, and 
'On^, HOla and CUb, are entirely unlike Imlh in ty|» and it» 
.ohomioal propertiwi. This absence of atmlogy in carlatn and ittlphtt# 
la Mpoolally clearly seen in tho fact that the hifhent salinii 
■are of different oomjmltion, COt tor oarbon, and tor tnlidittp. lo 

* hjdrefw ItjH, in wiakaktmy wllk tfe* i# ll»* 

miboxtdea, R4O. I'tUladium, sad fivi* siwh tiydr^'fpa 

ftjwt i)k ia Wfirthy «f remark lki%& iieei»r«Un4 e> Um |w!r>i»<ili!» ay»t»si» th*=iw» *lcs»»«t«i8» 

Bwr fei ea^ih «<Utor, ar»4 Omli In U»imb» gr<>u|.«i wU«r« lh»ty*lr<*g(?ni(>-*<fnr*>H»»4« li,ll 
itw qtmtenifwry eiiilnn ll*<J n-Ta tklasi prwKsal 

N»l wioUiwg lo t)»*» I Her*» rmly fcuSKh »>a Om* g«-4»f'al JiMinir** 

lel tb« r*»Iall«tt tl*«» tfjfikiite'a aw4 *<«l4eii aiti<S ef ia» ‘"SiiJi*® am'-MtJ liserijactr** 

'^iwa, fpf Uw of Itto orltet a®l«l# tmA 5l»*» mtrm^ ##14.* «4| hm 

otm«}4eml t« Bpeaklflf »4 &ikI |»h«»#|4»*sn»ai HMS-Wa 

4 « fa lh» t«r^«p vA Um p»i«4<»4l« kw m\f trtfelsi »fctr^ giw 

wiU 'tfl ooa«4t|«rdk I iMali tl wW to Mmtljait 

tokllw to pKisfeiw. W lh« jwwwMiii wllli kf th* 

folkmUei; aw al ^»«ik kiwim J (m lIMb CM'»» 

IT^iOs. Pro*, ASttb* tV% i^*****- 

Plrithi WjOj, II j>r«4iBat4o itjuti iko •4 {®ji.si4M will hi-.-t®*'** 

furtitnr l«is nsli,.;all*'0 A In •«■«» In kn.-wn, t # sKo elstiitsut* 

{(JSrs’J'lilHJ t'M >4 Ow fireti ■ ■»!}•, wd.USi f;J»o iJ,' •_ (,., 31 , J*,- 5 , 1,1 S3,en **. s. 1 » 

®f Ibo ftls-M 5-, | ■*# U< « la? 3 jf s)-,i h- f. fit- J ■ ti Ua, H>’ », , I .,1 

i| In en» tn J'l'Mjl-iti. iij isnr»» tt|- #5 n gew.tSklu.n.l- ■« - } M-is sat,*-,'!. 

eaty t*r!4iaasa 41 <« « tmm «it4 t-wS tilUn ewsiJ®? !»-! o-,»«i6i,g»iav! f,# »|s ik« 

kilt Mul «*••»» nll^awisnir. I w*s»!W Iss Wi*f»y tertn.s-rf« ||w» 

W Itotf «#» c-| 

IVirf 

11/4^ iw4 i'Wlj p,^»!^n %hm *4 •*4 »itfe ■»«%** 

Pewtlwl***, t k*»», l» tto* toli^ t.V I-*.!*,*!**!# ,if *4,# 

^tefcssto, to **** A* 4«to *11 ll» 


Chapter VIII. wo oonsidorod the limit to which carimn ttnids} lu 
its compounds, and in a siniilar mannor there ia Cor every eli-inwut su 
its compounds a tendency to attain a oertain highest limit This 

view was particularly developed in the rawhlk' of thts {.r«-;.rut mritury 
by Franklond in studying the moballo-organio ctuniKsuiuhi, th<c.<» i« 
which X is wholly or partially a hydroearlnm rndich’ ; fur iuHtun.-tj, 
Xs=OH 8 or O 2 H 5 &o. Thus, for oxairiplo, antimony, Sh (t i- X I X.) 
gives, With chlorine, compounds ShCl ami HhCl.^ nud rurn -.iH.a.Iing 
oxygen compounds SbgOj and SbgOj,, whilst under the jirti.-n uf t'HJ, 
Oalial, or in general El (whero E is 11 hydrticitrlj*'n raiUd.! uf thy 
paraffin series), upon antimony or its alluy witfi thrso iir»i 

formed SbEa (for example, lH»iling at ab..ut ). which, 

corresponding to the lower form of coinluimtion ShXj, aro ol4»’ to 
combine further with El, or Ck, or 0 , mid t* funn ri<nijH.imd« <<f f h« 
limiting typeSbXj ; for example, SbE 4 Cl com^jvtijKting lu witl» 

the substitution of nitrogen by antimony, nml at hydiugrn by tlm 
hydrocarbon radicle. The elements which are must cln ntirally am4< 'g ‘«i 
are characterised by the fact of thoir giving eomjHiunila at ilsnilfir f<-raj 
EX„. The halogens which are anal ognus give hf4h liig!»cr and luwnr 
compounds. So also do the niotala of tlm alk«di« and of thu alkaluio 
earths. And wo saw that this analogy extondfi to thu «!s«t 

properties of the nitrogen and hydrogen compounds uf tho«*i nn Salm, 
which is best seen in the salts. Many such group* of 
elements have long been known. Thus thow an* analugmin r,f 
nitrogen, and carbon, and we shall meet with many h gruupa, |t«ti 
an acquaintance with them inevitohly lead* to tim tiuusiitwia, whal 
is the cause of analogy and what is the relation of wsu ffr«mp in 
-another 7 If these questions remain unamwer^dl, it Is rjwy to fill int^j 
error in the formation of the groups, bmuw the noliot« el il»« drurw 
of analogy will always be relative, and will not pfwufit any mei^urmy 
or distinotnosss. Thus lithium 1« analogous in »mo to 

potosdum hnd In others to bwyllittm It 

both aluminium and map^um. Thallium, ai wt shall 
see and as was observed on ite discovery, has much klfmtilp wiili 
lead and raemry, but some of its prejjtrtiw appe-rtaln to liliaww awl 
potassium. Naturally, where it k impo«lbl§ tf mal# »«*»tirPtf»nif 
one is reluctantly obliged to limit onttetf to *ppro*lii«tii eowpirf. 
sons, founded on apparent sips which wt not disliael md uw watillng 



ituno© 18 timfc propet'ty orn wmca an m pnifwni* w 

dependent, booauw they am all ditettninnd by tlmikr wwidliloti* or 
by those forSes whioh aot in th© wfight of a ami ibk I* 

directly proportional to its maaa. Therefor© it I# most naiumi i« »wk 
lor a deporidenoe between th© pit^>#rti« and »f the pls’inwila 

on the one band and their atomio weighli on the titthw. 

This if the fundamental id« which Ai tkm 

dmmnti ammiiim to tiidr at&mio migjys. A i^ptlllrtn of |if#. 

perbiw k then kamedkttly in th© (rf«np»ot*. w« mm *lr^y 

famUlar with ©xaapl«i of thli t — 

F -19, 01*35-6, I mmUl, 

Na»23, K «i.n9, HI..-M5, 

Mga324, CaoitO, Kr s»H7, Ila*»l3l. 

Th« eauenoe of tho matter k #«in in th«e Tlw 

have femaller atomle weights than the alkali and ih« |«ii#r 

than th© roetali of th© alkalina awftha. Th«n*foim, if mil 
6© armng&i in ths ortkr qf tkmr olomw » jp#riarfi# 

of ptopeHm in dfhiimd. Thk li »xprrftm»4 by tha hm? mf 
tha pfpp»tii(>» qf th0 0lmwnta, tw uvlt m tA» «■»■>«# 

of thfir eom^HHtmht etm in fmrUdie ^wr- 

mlpm atgiibmimU^) farm m p»ricml4t} fuwium tf tiLnn%*t ,\f 

ths dfitmnt^.* Table L of tJAe »giarmt n/ iA<(> dfmanU., Is 

® Th» j^rWUta hkw ft«4 IJN* jperfowli# *4 i^® ulswjfiBi* i* iSv® mm* 

iom m kwa gtMH la ^ ii^ 4»AmM <nf llil« wmk, irngm *» »» t»n 

la kfii^ ml ttw »Mmmbta »4 rni^mm I M m 

m mMmm. Al tti# kuBgliaiaf td i«m I mmf 

AsdWa a ’Aa *-*»4 ..m 

Al«tfi(i» Woiglilj# a»4 eii««W md *1 lfe« Mm>k tmmOimg *€ bmmtim 

Chwulrftl Ifc-wlnly. I t5«»»p4«aa*.W<l * «! its* IVt-f-wfi*# .*j*4 

Alfttttte Wplgkl* «t the ‘ 1tl»« ifwttsininm SJjjs J*a jw, « e»s->l *£■>. 

iug «’j.nr}u*!M»>8 111 Tlw nilom^nl*, if assang*-'! **-*<'‘s4.r5g ?.. s»K, ;.i,5 #,» 

♦(iffelpns Isss'K.'Ji.’sf^ ft S3i wSj. Si .,.91, ,89 *» 

eb«»f»} l«®# mhmnhw 1»Wl> »»* •iil»9 j »i-£s 

tHUllaaW. if l4i«tf», »■!# r»g»S*»l j i d .p 

jl} Thm mmg,mmnl r4 lli» pI##*®*?!® ,-t >4 4 * i,i,a 

r«fr#*|*«r4* »lik |I»»m •K»®*n»4 *(,?»-»/»« |*i t'ks »%«.?, 9,^, 

im •fc,«sii4s * 1 

*4 «(i«iii}« w»4gtl ifMmmhffitm’i hf *f* 

iter^fetw lf| 4 ;»dl |>| Tb« mh»gmMm40 »«l tt-#® •*!.*»... i« 4 #f«,wsr## 

#«#»»!♦•? t4 m mlrnmvm'k^ I#! ‘th» 4iwi«**iff »# t»m-f * ,1 s, *»# 
l«p^, r«# SB *»»%..• »m #»« *fc.Mr** 

«»,»i4 fc* m *«J fi- tfl m^M «# m * «*« 

1-!, I is, !• i t li.'.. i ,f 91 fc ■ n .. * S... ii .!_ >.._ _1 Jta, 


is very important to see that nil tho aspects of the dwtributioa 
o! the elements according to their atomic weights OMontially oxprws 




(1) By a curve drawn through poliiti obtain^ in th® following nmtwer 5 Tho 


o arranged along tho horlzonUl axle M thwWm at disUnw from pr«iH»rUt.sml to 
their atomic weights, whilst tho values for all the elements of «.m« im.{«r{y-for oxanipl^ 


the sneolflo volumds or the melting points, m expreseed by tho onlirmtoe. This 
although graphio,ha8 the theovelloal disadvantage that it dtw« not in «n 


any way in.tu-eto 

the*3onre''oraTlmUoa and' doflnilo number of elements In ewh Tlwm h 

nothing for instance, in this molhod of exprewtlng the law nl jnsnodn'ily I.. «h..w tlml 
between magnoslutn and aluminium there can Im no other element wiih wi ab.mte weigh! 
of say, 25, atomlo volume 18, and in general having proiwrties inten«e.lwt« l.etwet.n thoso 
of those two olomonls. Tho actual purUHllo taw dfjos imt correat«.n.l wtlh a runilmume 
change of proportion, with a continuous variation of atomfo weight In a word. !| 
not express an uninterrupted funotion-aml as tho law Is purely rhetnlenl, sUrJin^ from 
tho oonooptlon of atoms and nmlooules which oomhl no In mullii'lo wUh 

intervals (not continuously). It above all <lopendl» on thero l^ing Imt few nf tv.m- 
pounds, which are arlthmotloally simple, repmt the»mlvx», and ..ffer no umut^rrupW 
transitions, so that each period can only oonUIn a tlefimto innnWr .*f momUra, 
For this reason there can be no other elements between magnt.»ium, whivh kIvk.® ttt# 
chloride MgCla, and aluminium, which forma AIX 35 there Is a hreafe in th» v<»«6intiily, 
aooording to tlio law of multiple proportiouft. Th« |wri«stlo law **«fc'ht nnt, i}»«ref-.f*», to 
be expressed by goomotrloal figures In wlileh continuity Is always u(i.ler9t.>.4. Owing to 
these oonaidorationd I never have ami never will express the i;w»ri>«Uo rel«t!<»n* ^f the 
elements by any goomolrlcal figures. (9) Jlj/afilme eptfal, IWhl wra Sra«-o.l f»,tm » 
centre, proportional to the ivtomle weights i anaU^ima elemotils Uo along ono ro-tins. and 
tlio points of intflVBOctlon ftro orrangtHl In a spiral. This nielh'H}, »,t(>pt*«1 by 
Clmnoourtols, Bauragauor, E. Ilulh, and others, has many of the im|«t»f« linis the 
preceding, although It removes the Imlefinltenossastn lltentttiilM>r«»f nj«>m«>nSaln » ta=H*>4, 
It is merely an attempt to reduce the complex rvlfttlnns to a atmpto graphic r»pr«»#«5n. 
lalion, since the equation to the aplml and the numlter of nwhl »r» n>.i .lo|>«n.lB«i Mp.tr 
anything. (8) By the Ittm c/ atomicity, either parallel, as in Itoym.hls's and th» Itov. 
8. Haugliton’s melliod, or as In Crookes'* melliml, »rrangt»d bi lh» right amt toft «f «» 
axis, along whiolr tho magnitudes of the atomle weigUta wn# cimntol. atr4 tSw 
of tho olomonts marked off, on the one side the mwmbars wf Uie vtm |p«Wi» 

magnolio, like oxygen, potassium, iron), and on the other ohto tK» »»«#{!«« «} the 
uneven series (diamagnotio, like sulphur, chlorine, sine, ami nwreury). tto l.fitting up 
those points a periodio curve Is obtained, homimiwl by Crrw'kes to tito <4 a 

pendulum, and, aooording to Jlaughton, repreoentlng a oabteaj eww. This 
would bo very graphlo did it not re<iulra, for instano#, that auJphur eh»Bl*l to# t-fm< 
eldered as bivalent and manganese oa univalent, alll«»eghtt»{l!h«f «f lh«w» »tot*««»to 
stable derivatlvea of these natures, and oitheugh U« ow It Uh«H e« lto» basis *4 itw 
lowest possible compound SX», arid the other of the Wih*il, h«««» r«t 

telerred to the univalent elemMite only by the ewd^y id kM«% to Kt'io*- Ferttwr- 
more, Beynolds and Crookes plwe hydrogen, Iron, wtekul, enbolt, am«l rtlwra o»toid« liw 
axlso! atomicity, and consider omnium as blratont wllhwit Dw toaoi |4) 

EantshoB oudeavoutod to olMslly the elements In th#lf {«««*« 
dependent on solid gsomotry. He eommunleatod this iw»d« nf to iL lt«Mw*w» 

Chomioal Sooleby, but his communimtton, which 1» app«r«ay »«»| vt** «»f tetor***. 
has not yet appeared in print, (8) By almbmio /mmuimi tar % i Mill# 



but a curtain I'Pgtilarity tuiomii ti) bti shown. (0) A \\u\m imtural inirtluMl of expniBwng 
tlu!i of tho iii’oiicrlioH tif oUnnonts on Uu'ir utotiiio woigltts is ohlainotl by 

trigonomririral J'linrtwits, l«»aiuiso tliiBtlcpoiiib'iu'ti i» iHirimlioliku Uio fuuetinns of trigo* 
nomotrical linos, nml thcroforo Kiclhoig «> Hwotlon (Luiul, lhH&) lunl b'. Klavit/.ky in Uuwtiia 
(Kumn, 1HH7) bavu julopteul ii similar motluKl uf osproBsion, which numl lic< i inifmlnioil 
M worthy of boiiig worked out, although it doos not lotproHS tho ahMom o of iutoniu'iliato 
olunmnUi— for insUnro, hotwwu tuagnosiinu and tthnuinium, which in oMnontudly tho 
most important part, of tha ioatt»r. (?) ^Iio invoHt)g»vtioii« of B. N. Tchitclnfrin (Ihhh, 
Journal of the JiuMmm Phyninnl «Kf2 Ohemieal Sookty) fnmi tlw first offort in th® 
latter dhaoUon. Ife sawsfully etuditwl Ui« alkali luatal#, and disoovered tha following 
ilmplondation between theiratomio volumes: theyoan oil b« espiwwd by A (9 *• 0 04!lfiAnJ, 
whore A la tho atomio weight and n^l for litliiuui and wdinm, | for ptilwtium, | for 
irabidiitm, and § for owaiurn. If n always 1, their tlio volume of thu atom would 
booome sera at A*40|, and would reach its nm^iltlum when A 28^, and tho density 
Inereaatw with tho growth of A. In ordor to expluin tho variation ftf n, ami the relation of 
the alontic weights of llu'olkiili melid!i to IIiom- of iho other uh'iiientM, us alfin tho atomicity 
itw'lf, Tchitcliihiu Bujipom'ii ell e|.‘mti in ho hndt pp of a pninary matter; ho con- 
sideiM tho relation of tho central to tho penphi'rie iiiaBii. and, guided by liiei hanical prm* 
cl]itoit, dt'dueeti many of tho projairtioa of the atoms from Ihn rtnurtien of tho inUirtnU uid 
jK'i'ipherio parts of each attnn. Tina endeavour oftera many iiiUeiistlng isiinla, hut it 
admits tho hytNithosis of tho huihliiig up of all the tdeineiits from one primary maltWi 
and at Uio pretetmt timti sutdi an ItyjKilheais haa not the Iwant aufiport aiUiw in UiMury or 
lu fMt. Besides which the starting point of tba thoery i« tits apacUlo gravity of th« 
nmtoie at a dafiniU temiHtratum (it is not kntiwn how ttw atiova ralatlun would appear 
at otlier temiwralurns), and Urn »imeifio gravity varies «von uiwier m»cHa»lfal inttuancftO. 
L, Hugo ( JHM4) endoaVounHl Ui represent tho atoinie weights of Lt, Na, K, Ul>, and Ci 
by Kiniimitrical figuros—for inatancu, Id-*? reprviw'nts a central atoui*" I ami »i* atoms on 
tlie BIX terminals of an (Kitahednei ; Na, t» ohtamed by applying two smeh at>>m« ott euh 
«<lgo of an octahedron, and t»o on. It is evident that nuch iimlhiMla ran a<ld nothing tiew 
to oiir data resjatcting tho atomic, waights of analogous elereeiiU. 

•• Marty natural pUetmmena exhttnl a dependeiuvi of a twrimlio charaetor. Thui ibft 
plumomona of day and night and of Uns seasons of Um year, and vihratitma of all kinda^ 
©sHlbit voriaUwta of a |t«ri«die ehoraeiwr tn depandviic* Uvita and Bat to, 

ordinwy p«rii«4i« funaUwe ofl« varialda variaii aonliatMittfcly, whilst th« o4h»f 
to a limit, than a iwrlod at 4«etmm begins, and baviof in torn imchMi il« limit a perk^ 
of iiwmM Again b^u. It i» otiuirwiaa in tbn p«ri«4ia fanetlrw of Ihn ehmante. Herd 
the miMW of Uib wlemeots do#« nto inareasa mmfciottmwdy, bat abrnpil?* hy atepm, m from 
*naK»e«i«in to alnmlniuin. fck> als<» Urn valency or atomicity l»ps dlroeOy fr<«in I to 1 to 
8, Ac , without intorimHlmto ipianlilirs, and in my opinion It i» these projwrliei whlfeh 
are tho most lmi«*rlant, and it is lhe,r pernwhcily which forms the »ol sEaoce of lh« 
petiiwlm law. It BSpiPBses th^ }>ii‘j-n!$rt ./ Ihp rrui clcoirnfsi, and icA of what may Vki 
tortmxl tlwir mwilfeatatioriB vinnally koowi, lo iiB. The estornal of olemenl* 

and eiim|w»«ndB are in {»«>rii«>Ue dwj»endeiir» on Um aUtmia weight of Uie eleweiit# only 
astorual nrujwjtlas «r» lUemiwlves the reanll of the |•r■^'^•erika» of lH*> f«»i »!»• 
manl* which anito to form iW *fre»* ele«»ewt»an4tHi*eo«it**®'***l*> *l’o«*pl«4n «»d«s|ijpwa 
tlw p«it»die kw k to •sfdain and Mfuross th« mnse *4 ti» l»w csf siHltipk rf 

lh« different *4 lha eleawnt*. and th* var»to»B of Iholr abrfnlcuy, and »& lb# 
to ttiidersland wh*t umm »o«l gt a»il*th»ii ai w. In my opiMit* lltt« k ^.iU )M 

Ja»t «« wlliimil ktt»wl«M tb» ea.it«a t4 gr Avii«»k»ii it ta to WK> «# to fl 

fmvlly, w» fat th« okas *4 eliMftiirtiy it i* j*rt««blt| t« lajw irf to taw 

by wBkwl being aW« li» toir w-wm p«*- 

lifurftv of kws of ehomkiry (kftaito motoMiMi uA sJUmie m4a^U^ 


eight groups. Two groups give a period, and the wmio tjpn t>f a^ido 
is met with twice in a period. Forexampln, in tli(» jn'rifHi Iwgimung 
with potassium, oxides of the composition RO aro fetrmed liy i-ah-iunj 
and zinc, and .of the composition EO3 by molylidt'mun nmi tolluriuiu. 
The oxides of tho oven serioa, of tho eamo typ<s Iiavt< *itrojig»T bode 
properties than. the oxides of tho uneven suries, nml tln» l.ttii'r m a 
rule aro endowed with an acid eharnoter. TJu'roforti tho rlrtui-nt^ 
which exclusively give bases, like tho alkali nitftals, v»il! Jn« fmind at th»% 
commoncemorit of tho period, whilst auch purely aeitl eleuieut^ «st tho 
halogens will bo at tho end of tho poruH I, The luterud will be »i, . u. 
pied by intermediate olomonta, wlumo character and plt.j^<r{irn we nleill 
afterwards describe. It must bo observed that the m id eluiraeier is 
chiefly proper to tho olomonts with Bwall ntomie weigjjt i in the iine\rn 


leads one to think that the time Ims not yetcmiu* f^r Itmir fuU 

think that it will oomo bofovo Uio oxplanatitni of »urh apnttmry law .4 iiaUti« the las^ 
of gravity. 

It will notbo out of pUflo hereto tttni «»tir ftUeiid«n b. tho nmoy ♦ ..,t. 
existing botwcoi) tlio undocompoaahle elemmU (i».f (he ,■.(»/,.«, ,.5,f,,,Vs, 

which has long boon romarlcotl (I'ottenkofer, Dumtm, »«.l <.ther«\ »i..l 
rooont timoa by Carnolloy (IHHO), anti moat urlglnally m 1VI<-}.>.U«', a..* 

prlnclploa of tho poriodio ayaUim. Pelnpiclaa eainparfu Um <w>fiina <- .i.Hx.iM,; r.,;hi », 
carbon vadicloa, C hIIjim.!, CnHaii ^o.,foriti8 Uno«, • ’«ll. - U., 
CflH,, and with tlm aorioa of the olamenla in wigttl » t h.> I,,,,! /y 

is particularly dear owing to tho property of CnH^***, |.» iHwt.nm wnU \ ,r«,. u.L 

aaturntlon, and of tho following memhora with Xj.Xj . . . X».«it.| «j.«, s«Us d.rw. 
aro followed by an aromntie mdiclo-for exampht.t'Blfj .-In whhh.s. «.,-u 
of tho proportioB of tho saturated rodiole Call,, aro r»{*r«lr.f. «rtd tn ..Ut U... 
of forming a univalont racUole again apiwnt. IVIupulw »h..«.« «, .4 !}.« 

parallul In tho property of tho above rAtlicles of giving t*sjg»n t r . nraj . si teiiS 

with tho groups in tho poriodio syalorn. Time the liy.lf.«>Ml«.n rn.!e.h.*..| th« 
for instanco, CaHij or Gclfa—givo oxides of the form 11,11 wnl hy4r*<s»liEa illtu hS* sSm, 
motala of the alkdla { and In tho third grttup they form osidee ty l^and IK »4I 

Srfnm n " CHjtlieoorreapondmg «.».{«»« wt* ,4 tlwlt.ir»lgf„«|.w4t t. 8»« 

oxide (OH)jO, or 0,HsOjr-lhak lii,fomil8 anbydrW# ami hydrsKClKi^jf.*., ,4 

Ift the alxth^oup, with A oomposlWoB of 0„ the »*We K% will U, «.4 

ftoida, After applying hla view* to a number of ofgiwte c«»mttotts,4» l*i4«tokk- 
si eorrenponding with ammowlww 

With rospeot to Ihia remarkable parollBlism, it must »b«v» all u 
clomonts the atomic weight luoreaL in 

valonoy, whilst hero it deoreoses, which ehoultl Indimte that Out tmkmiis i! 5I »i 
clomonts and oompounda la aubjoet to some higlmr law who«ii iaitnw. ««. « » 11 ' ^ 
Whoso oauBo, oannot at present b« detemvlned. It k ontbebly « «»• tumA 
jrmoiploe of tho internal meehanioa of the atom* ^ 

fcaa only been generally veoofnised for a few ymt it t« no* ^ 1 
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eerios, whilat the basic character is exhibited by the heavier elements 
in the even aories. Iloneo elements which give acids chiefly prodominato, 
among the lightest (typical) elements, espooiaily in tho lost groups ; 
whilst tho heaviest olomontH, even in the last groups (for instance, 
thallium, uranium) have a basic cliarnctor. Thua tho basic and acid 
charactornof tho lugher oxides aro dc'termiiuid (a) by the typo of oxiilo, 
( 5 ) by tho even or unovou sorieH, ami (r) by the atomio weight,''^*® 
The groups are indicated by Homan numerals from I. to VIII, 

2. The ht/dropan comjmtmds being volatile or gaseous uubitancea 
which are prone to reaction-— such as HCl, HgO, HjN, and H 4 O 

are only formed by tbe elements of the uneven series and higher groups 
giving oxides of the forms IlaO„, EOg, RgOa, and ROg. 

3. If an element gives a hydrogen compound, RX„„ it forms art 

wgano-imtallio cotnjmxind oi thcaamo composition, where X -xs j 

that is, X is tho radicle of a Haturated hydrocailmn. Tlu> olcmt'ntn of 
the unevt'u HCiics, which aro iucapablo of Kiviiig hydrogen compounds, 
and givo o\idon of llu' foriuH K.\, UXj, HX 3 , also give organo- 
niotalUo compoumlH of this form proper to tho higher oxides. Thmi 

It i.iii 'ffui, lacf NuttJ 7 ), like II/L, b«. 0 |, B/)j ((’Inipter XX.), muat uol hf» 

eoiifuw'tl wiUi Uuo n!ti<U'.» ttvini if Ui« lt»tU>r (tuv lusUito®, 

NgO®, CrOa, &e.) «.lUwugh o«« and Husothw w»ily oxidlw. Th« diff»*mnw Un>m 

ia (tfca It) Umir fujulatiiwilRl : Hit* ttaiiitt) oxijptj corrpajMiittl to wat#r, whlla tliw 

pt>rii*id<'H ('iirnniiKiuil lii Utriv rriwlinna will lit intrusiilti «if liydnijjcn. Tliia Is 

olcaily util'll in tliii diiTi'ii m i- iii'twi'i’ii NiijO hiiiI Nm/'j, (('liM,j.ti.f XII ). Tlict'«'f.*iii ilto 
|!«riisitltsH shmilil nlmi Imvn tlit’ii |,«iriii<lifity. An oIhuh'iiI U, r Injihi’wl. ilrj-:ri’t' o| 

nsitltilimi, ItjOfi, imiy t?ivti Ix'tli tt liiwcr ilt'grtH) tif ««tttivliiin, lijOu h, (vvtii<r<« m itimdonUy 
lp«u limn ri), nnd |i«iri>siili"i, j, UjO„ .^. nr (i\i n ninri’ fUSK'iO' 'I i>m clasia nf oaiik’ft, 

<ti whii'h tttl*iiiliiin lm« unly trt’cn Curnin) {ItctUitiliil, I'lctini, At- ), iimy 

on further «turty slvw llm nf tti’m'mltmn,; Iho mtwliitily of tfi« etemufila O* giv« 

tatwUlik e«ni|dtes higlwr forma «4 ctiHttimnbont unch m tUmblo lunl it% my 
rfitrtdd in Wi« neinr fnlure Iw Uw flolil c»f b«w jomI imiimrU.nl) di»ov#ris«. Juii in eontam* 
fwiury ehemiitry, fcidl*, «tt,line osiiUa, hyflrwgon «*ni|nittsi»l», n «4 nUwr wi«it»n»U»n« «f 
Uw eU«i»nti iwrsttpwiding ta iJbwj an m4 eoin|4*s proWtsm 

fur gMH'rttli»linn, whinli i« by ih« jhm'WU Uw in Ite {«*», l<» whfeli fl 

has rtumi frnm tin flral bUIi*, in ■which it gavu thn nn«a.M« of (»» Uter c»nl ths 

esislciiiii III inikiiHVin iilcim ntD OU, He, mnl IJc), their i»ri*jwrli»iB, Bn<l nuiny tklslli 
rcsjn 1 {1111? llicir ci.inci'Uiiiln. I'lilil thuan Imjif.-ri'iin’iil'it In Un' njalrsn wliiiriH 

hmvo til cn jitiiji-nscil t»y i'lof. t-’Uviljiihy (nf Husant ninl I'f' f ll»rj-»'!ttth |« f In 

Ihfl Argcnlinn ll<>iint'lit !, r(?‘i Al^im lUirtyt. ninl tiU*»>r« j^tvo itUnilin {irwlical I 

think III u(inM>c«»mry Oi ilisrii®^ Utrin fnrUmr. 

'* Thf hythnltin g>'i)rrttli»r4 liy iho law mu ihn** in wjilcli iiipt-aJIa flirgante 

®oi«|:ssttrKt« iB«ff«nii»**n*l, ttml Uwy mis UtnttifteUns tJiltwir D'oUliiiB m Tti« h|dtinfWi 

ilka Na-jifi. PsH. Ac, wr® dwlmijwsidtied hrt wlhsr mitef’i*. Thmv »w»wbl» 



zinc forms tho oxido ZnO, salts ZnXji and tine ethyl Zn(CjjII§) 3 » The 
elements of the even series do not seem to form organa-met&llio com- 
pounds at all ; at least all efforts for their preparation h&v© as yet 
been fruitless— for instance, in the case of titanium, nroonium, or 
iron. 

4. The atomic weights of elements belonging to contiguoui periods 
differ approximately by 4-6; for example, K<Eb, Cr<Mo, Br L 
But the elements of tho typical series show much snmlier 

Thus the difference between the atomic weight* of Li, Na, and K, 
between Co, Mg, and Be, between 8i and C, bt^twjHsn H and (>, and 
between Cl and P, is 10. As a rule, there is a gmiUir dt{frrene« 
between the atomic weights of two element* of one group and ladong- 
ing to two neighbouring series (Ti*~8i sa V — P » Cr— S w Mn — Cl 
ss Nb- As, (bo. tra 20) ; and this difference attains a tnajsimum with the 
heaviest elements (for example, Th— Tb w 20, Bi— Ta » ilO, Ik~ Cd 
*a 25, «ko.). Purthermore, the difference between ih«» atomio winghia 
of the elements of 6ven and uneven series al»o inermws. In fart, tho 
differences between Naand K, Mg and Oa, Si and Ti, are tow abrupt 
than those between Pb and Th, Ta and Bi, Cd and Ha, Jfce* Thu# «vmi 
in the magnitude of the differencM of the atomlo weights of atwlogtms 
elements there is observable a certain eonneotion with tlw gwkUon t»f 
their properties.** 

5. According to the periodic system every element ooeopiea a e#r« 
tain position, determined by the group (indi»t«l in Homan numerals) 
and series (Arabic numerals) in whl^ it oecum. Thoao Indtmto ih« 
atomic weight, the analogues, proi>Brti«a, and type of fcJm hifbwr oxlihi, 
and of the hydrogen and other oompounds—in a word, all tho rhiof 
quantitative and qualitative features of an element, ftltltMtif h tln»r« yel 
remain a whole series of further details and p«woliitrit 4 i« whewe ©*«.■# 

*’ bii The relation between the ttUmUo welgbta, and Uw |tt, mm 

observed in the sixth wd seventh deesdea ol UUa twttoff fey DttWM, . 1^, M***#, 

and otliers. IChns hothsr Meyer ta 1S04, faUwtag DnsiM tsd 
the teteaviaent elwamte ewbeaead sUleeai th« 

, w»«rie,ftato6»y, MjdWsmnth} 

»«4 Wiast Mm 

Sodluia, mbldlnin, mshun, sad, th^Utan, sad Mm ktsta*! airtnl# Imff }}n»w, 


<•16, In. the second sbont»46, and &e Iwt fflbtoilawwrf 

Iftw sve visible in such obtervatioas u UtMe. Siftte its safeiMi fe** 

roost fally worked out by !l^db<aff (Mote 10), who ^wtei apwtelWty l« wmuiMm 

the differences betereea the storoie welahts ef i*,., 



should perhaps bo looked for in snmll difTt-ronces of tho atomic weights. 
If in a certain group there ocour elornenta, R , R^, R^, and if in tliafc 
series which contains ono of these elements, for instance R^, an 
olornont Qg precedes it and an element T® succeeds it, then the j)ro' 
portiea of Rj are deteriniued by tho propertic.s of R,, R^, Qg, and Tj. 
Thu.s, for instfuice, tho atomic weight of R.j k |fRi 4-R3 + Q.^-f-Ta), 
For example, Bolonium occurs in the imnie group ns lintphur.H s- .'$2, and 
tellurium, To « 125, and, in tho 7th series Ah sk 75 staiuhi hcbire it and 
Br es. 80 after it. Hence the atoniie weight of telenlum should bo 
^(32 4* 125 4" 75 + 80) w 78, which is near to the truth. Other proper- 
ties of aolenium may also b© determined In this manner For example, 
arifinio forma HgAs, bromine give* HBr, and it'is evident that telenium, 
which stands between them, should form lIjSe, with properties in* 
termediate between those <if HjAh and 11 Br. Mven tho physical 
properties of Hi'lrnium nml its eompouiuls, imt. to apeak of their eoinpohl- 
tion, heing <le(eriniiie(l by (lie group in wbieh it luviir*;, may bit fure ii-cn 
with a do;, e uppreai-h to reality from the prcipertien of .Milpliur, tellurium, 
ftl’SCiiii*, and luouiine. In ihin tnnnrtfr if m (n ifi^ pm- 

pertitH o/n(ill nnknnu'n For inatanco in theptwition 

that U), in the 1 Vth group and 5th imrit*- an element is i.till wantirig, 
These tinkuown dements may ho namocl after the preceding known do- 
mont of the same group iiy adding to the first sylkhlo the pti’fix c^a-, 
whidi meami one in Sanakrlt, Thu dement IV, r», followa after IV, 
and thin latter position In’ing m'cupiiHl by feilicon, we call the un- 
known dement ekitailicun and iU HymlKil Ku, The fnlhmuig are 
tlm jtropertiea which this dunirnt diould have un (bu lionia of the 
known properties of mlictm, tin, sine, ami arricnie Its atomic wright 
is nearly 72, highw oxide EsC.)^, lower oxide* EaO, ftwttjH'iundi of tho 
-pneml form EtX^, and chetti{»Ily unstebla lower compounck of tlm 
form EiX j. Es giv« volatile organo-omtelHo Moip€'iurid#-''-frtr initenc®, 
K8(CIIj)aCI, and which boll at alwmt I GO”, S:t\ { 

also a Volatile and liejuid diluridu, EHCI4, boiling nt about fiO' and «f 
ipceilie gravity nbmit 1 • 11 , will Imi tlte anhydride «>f ft feelde c«4. 

luithd ueid, luetidlic Ksi wi U I M* rather ua-.i!y obtainubb* ftciii the oxides 
ind from KiKsF^ by reduction, KxHg will rcMuubU* HnH^ ami Nj.’dj, »n«l 
will probably be wdublu In ammonium sulphide ; th» »|icfeif1o gravity 
of El will tio ftlwut 5'5, E»Oj will have a den^^ity of abuufc 4'7, 


predicted by the periodio law,*'* We Bhall sm in t h'iiH'ntu 

of the third group that properties wens foreUdd of nn tilcimmt uka- 
aluminium, III, 6, El = G8, and were afterwards veriihsl wlu<n the 
metal termed ‘ gallium ’ was discovered by Do Boisbrnidran. Ho nl»«» the 
properties of scandium corresponded with those prtwiirtpt! f«»r iikalioron, 
according to Nilson.'^ 

'3 Tho lawB of nature uclmit of no exeeiitioiiB, and fn IhU they « S*nub «So|«r fr^mn 
such rules and maxima as are found in {frammar, atwl oltwr lnwt»s»*ns. eaeils.utn, bh# 4 
relations of man's creation, 't'ho cuuilrmiitum of a. law it only by niedismig 

oonsoquences from Ki, such as could not (Kistitljly bo i;, nn-i '•ettiymg 

those oonsequenoes by experiment and further rriMifn. Tliproforo, w b. n I i}«» 

periodio law, I (1809-1B71, Note 9) deduced sueh b^ieal cwn»#ij»«!m-ra <»..» ji rrts»l4 
serve to show whether it were time or uot. atomic tii^m wm ith<. |.fr>iu ii»n «4 Um 
properties ot undtgoovered elements and dm oorrMtbn of tho au.itii. s«os;${tia t4 tuMf, 
and at that time little known, elements, 51iUB BrnUum wm rwnsidptK.i m tri*ai»si,|, 
Ub 130 ; but as suoh it did not oorrespond with the perkelie taw, I thprvhnw 
double its atomio welglit—U S<10, and the researeJiee of linfsrow, /.»«»«!»!«»»»»«, ia»4 i-ilwra 
justlfled this alteration (Olmpter XXL). It wm UwMmw with rmiwn jilnajiicr X V||| J 
whose atomic weight it was neoesaary to change ttecottling to th» f,«5rt,i4Ki t« w, I iheref^fs 
determined its epeolflo heat, hnd the result I oblainwl wm wrtfol by tim mm dMiw- 
mlnations of Hlllebrand, I tlicn oorniotisd certain formnl* »»f Um eerSum 
end the rosoarohoa of Botmuelsliorg, Brauner, Cleve, stol ottuwa voriftc4 th*t |,s.>jhs*»,J 
alteration. It was necessary to do one or tius othsa^-^lthi'f to wosklBf th« Iw 

as completely true, and as forming a new Inatrumenl in cfewSMfeai -w to *«toto I*. 

Aokhowledglng the method of exprteiant to b« the only true one, f «#fi6rxS 
t could, and gave every one the possibility of ptoriog ur eoHSrwmg «»t« (««». ,!t4 m% 

thiiilc, likeL. Keyet (Liebig’s Amtafsft, Bupt, B&ndl, IWO, l»t), when wrUjwa ikA 

periodic law that ‘ It Would be ra»h to elwuip otowto •»« »!#« rf 

so uncertain a slarllng-polnl.' {' En wUrde vorelllg i«ln,aaf m nndchwjo Anhallsn^Rkl# 
hln e!no Aondorung dor bisher ongenomnaenen Atwagewichto *1 I« ta,f 

opinion, the basis offered by the periodio law had to l>«> veriiM w retot#.!. *».4 
In evoiy case verified It, The starting.pohit the® heeame gifsnwet, Ka kw *»f 
bo established without suoh a method of testing il. Keittwr tto to mlum 

the French ascribe the discovery of tho porimlle law, twr Hewtwde, i» pnl f«rw*r4 ti| 
the English, nor L, Meyer, who Is now died by many m ito *ii«lt«p£l §« 

thep.J'opwWos of undlsoovered aliment*, er to altor «*w»fc rn^hu: to 

general, to regard the peeWto kw a* wmw, «toie«y MtobStaW k* srf fii.iww,, *, | m 


miaati^S^£ ^ k» to 

to see the vorflltotion of ttUe eonse^uMiee of the kw, toil 
ilemento were abstsribeib-,ekftbor0», etemlumfRiBrn, «d 

lapse of twenty, year*, I have had toe pwt pteaww df mtm — * 

named Gallium, Boondlum, and Gemoalum. iltoi thtw fe*«» - - 

minerals oontolnln* ”**7****?^ ^ ^ 


nuncrola oontalxilng them m'0 foaMi whmn fttr w« mm — * t 

regard ri-doBolebat.dmn,Htlton, and WtakHwto^SS^LX 
eorroborators of the periodio- kw. Witootk to*« it w®sM 
extent it now ie, ” **** 

« TaJda| l«^ttm, wWcli oceUw ^etoer wlto «!«•, m *« «f* *i| ^ 

’'Of the method omBlmMMi. mK« r .. **«*","* 


rajEjig 
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6. As a true law of nature Is one to which there are no exceptional 
'tho poriodio dopondonoo of the properties on the atomlo weights 
of tho oloraonts gives a new means for determininff by Uw eguim- 
lent the atomio weight or atomicity of imperfectly investigated bub 
known elements, for which no other moans oould as yet be applied 
for dotorrnining the true atomic weight. At tlio time (IBGO) when tho 
poriodio law was first proposed thoro wore several such eUnnent.*?. It 
thus became possible to learn their true atomio weights, and thcaowero 
verified by lator, rosoarohes. Among the elements thus concornod were 
indium, uranium, oorium, yttrium, and others.*" 

7. The periodio variability of the properties of tha elements in 
dopondenoe on their masses presents a distinction frotji other kinds 
of periodio dependence (as, for example, tho sines of angles vary 
periodically and successively with Ibo growth of tho angles, or the 
toniperature of tho atnuiHjihero with the' ('(lurKo of time), in- that the 
weights of the nlmnn do not inen'u.se gratluiilly, hut by li'iipi , that it, 
acconling lo UiiUou'h law of multiple pniptirtions, then* ju*t only aro 
not, but there ennnot ho, any trnnaitivoor inteninHliato elements Imtweea 

e7’7— Hint, is, if wt) i.uinini«( fla eomiHt»iUon U* Iw liko tlmfe of water 5 then t»«87'7, ani 
Uiooxitleof itifliumiii ln. 40 . Tlio ateroio weight of indium waHtekoniutlaoblitUiaeqtiteiu 
lffnt“~lhftl I*t, indium wnn oonBUtemd te tw a bivalent olomeot — and In*»f » S7'?«»fS 4, 
If Indium only (ormwl nn oxld«, ItO, it Blnmhl b« |ilikwd in gmup 11. But in list# 
OftHO it ftpjvparM that lh«irt< wuuld bo tt«i idarn f.*r tnilium in tbo »y«tem of th» ptertmitl*, 
Ihicmuho tint ii<milii>ie« II., fi Zn fiS ttiid If., fl — Hr w h7 worn already by 

known »»U>iiiiinlW| aiul m-i-ording l<i tlu> rmiodui Uw mt oUnmnil with tot fttoinir weight “|i 
eonld not bo bivtvbnit. A -4 lo-ille’i' llit* v«iMiiir doimtJy (tor llio hoRt, Jior «v«>n iha 

isojnorphiNm (lln* iialt!* of indium rryBlolliio with groat dittit uUy) of tho runijhmnd* o| 
indtunt wero ktniwn, thoro wa« no roasM.ii for ronnidorlng it Ui bm r blvalottl rrw>tel, wtd 
Iheriiforw It wight bo regarded «.<» trlvutent, qttadrjvatent, An. If It b» trivBlenl, tlwn 
In«S« S7'7«*li8, and the Mm|:K«iliiCin of tt»*» o«id» i» of Iti »aII« InX^. I» 

thia esM it at euM (iUIh Into it# plaeo ut the system, In gmip III. and fib 

mHw, b«twMa Cdl» Ui and Mn«>US, an anak^« of sltiminfMi m dvMaminlam 
(dvl »■* i in iftn»kril|. AU lh« In Indlnw e©««spffl 9 i with tbit 

IWBitionj for osamplp, th» dnnsily, radmium wfrft, Sadlam »• ?‘4, Uis «• f'tj th« l»»te 
pntitorlloH of Iho t*^id»w Cdfl, Tf»jf>s. BnOj, wmsraiiaiv'ely wry, »o that tha properllt** »»f 
Iti^flj nr,) (nii(.irnirilittlp bptwocn lh«i»r, of (MO and HoOj or (’djO^ mod Tfimt 

initium Iwliifiga to gtoiiji HI. hm beon roofirnd'd by lliin dirb.rtiti*»a(i->m<f ilaajwrifis' beal, 
(0087 tu roohiig to lUiiitirii, tenl O oS-f, rt.t.lii.g to ti»>( »t)>1 sd»i l.y tho f*ci Ihsst (Hdmm 
foriMB uUnoB bkn nthutiitnom, and tlicrpforw Iwb.ng* in ibo esme 

Till* BftHto kind of rnno(d»’.r'Klion>» tek»»»g lt»« atonnr w»lg!»tof liteninw 

as i(p»rly |5*, »nd n«,l «,i 68 , Iho tiguro deriv«l fr«rn wwt»| •oaly!**, A»rd bolh 
CfifferltMiei, inado on llin bania of iIib tew, ham now l»rn r«8i(lri»«!, fr.f Ttsssfis* |»|t 

a Mfl«« of wroful (ssj'.ririmBOtK, tho Rtomie weight of to b# ittal inm^mm fey life# 


two nelghliourlng ones (for example, between K « 39 <inrl Ca =t 40, or 
A1 = 27 and Si = 28, or 0 t=3 12 and N « 14, Ac.) kn in a roobiouk 
•of a hydrogen compound there may be either one, m in HF, or two, at 
in HjO, or three, at in NFsi &o., atoms of hydrogen ; but m there ciwnt^ 
be molecules containing 2^ atoms of hydrogen to one atom of anoliiw 
element, so there cannot be any element intermediate b«^tw«*«n N iwj 
0, with an atomic weight greater than 14 or lo* than Ifi, «»r hotwooa 
K and Oa.. Hence the periodic dependence of the okmentii oaimol t» 
expressed by an;^ algebraical continuou# function in tho Batmo way that 
it is possible, for instance, to express the variation bf the toti»|«irtttiire 
during the course of a day or year. 

8. The essence of the notions giving rise to the ^wrlmlJo law ecjn* 
slats in a general physioo-mechaniCal principle which rtw«gniset thtt 
correlation^ transmutability, and equivalenoe of tho fon-**8 of natum, 
Gravitation, at'fcraotloh at small distano**, and many other phemiwwn* 
are in direct dependence on the mai® of matter. It might ih^n^forw ha v» 
been expected that ohomiool forces would depend on ma«. A rl®. 
pendenoe is in fact shown, the properties of elements end 
being determined by the masses of the atoms of which they nre 
k’he weight of a molecule, or its maw, determines, m wo havti 
(Chapter VII. and elsewhere) many of its pmpertiM iitdeprudenf ly of 
its composition. Thus carbonic oxide, 00, and nltrogsni, Ng, aw two 
gases having the some molecular weight, and many of tlndr pnspertiit 
^ensity, Uquefaction, speolfio heat, dm.) art similar or nmrly simllitr. 
The dl^renoef dependent on the nature of a »ut»tenee play anothor 
part, and foim magnitudes of another order. Bub the prc»|wrrirt of 
atoms are mainly determined by their mw or weight, swtd ar« in 
dependence upon it. Only in this case there i* a pwMlkrity In tli« 
dependence of the properties on the miw, for thli dsputAm* m A- 
termined by a pdHodw law. As tee maw InerMa* the pro|WPtl« 
vary, at first successively and regularly, imd thin n^iira U Adr 
original magnitude and recommenee a fr^ pwfW of varktion lik# 
the first., Ifeverteelessteaaskoteer^^aMll mrtotiofi th« 
mass of the atem: g^eraOy l^di to a tuMdl vaAtteft of |»w|wrtl«i, and 
deteminte'/di&renote: of a second ord®#. ntomle w§%hli «itmtt 
and nickel of teodium, rathtnlum, mi md 

iridium, and platinum, ore very oleii to mh otta*, ft»4 ttaif pr#^rli« 
are also very much aHke— the dlffirmoM am VMPV iMnaoiil4ik. 



elements are" perfectly independent and individual, instead of this idea 
of the nature of the elements, the notion of the dependence of their pro- 
perties upon thkir mass must now be established ; tjiat is to say, the sub- 
jection of the individuality of the elements to a common higher prin- 
ciple which evinces, itself in gravity and in all phyaico-ohomieal pheno- 
mena. Many ohemloal deductions thou acquire a now aonso and signi- 
ficance, and a regularity is observed where it would othorwiso oacapo 
attention. This is more particularly apparent in the physical proper- 
ties, to the consideration of whiohowe shall afterwards tun), and wo 
will now point out that Oustavsoa first (Ohapter X., Note 28) and 
subsequently PotillUin (Ohapter XI., Note 66) demonstrated the direct 
dependence of the reactive power on the atomic weight and that funda- 
mental property which is expressed In the forms of their compounds, 
whUst in a number of other coses the purely chomical relations of elo- 
monts proved to bo in connection with their poritwlio propcrtitw. A» 
a case in point, it may bo jnontiuut'tl tliat Oarnolley rcmarkcHl a depen- 
dence of the (b'coinposability of tho hydrates on the position (»f tho 
elements in tlic ^mriodio system ; whilst L. Moyer, Willgorodfe, and. 
others estaljHshod a ooimootion between tho atomic >veight or tho 
pofutien of tho elements in tho jwlodio system and their property of 
serving oa niodia In tho tranaforenoe of tlje halogens to th© hydro- 
carbons.*® Bailey pointotl out a jwriodluity in th© stability (under tho 
action of Imat) (»f the oxides, namely : (a) In tho even aeries (for 
instance, CrO^, MnOg, tVO^, and UO},) tlic higher oxidea of a given 
group dm'omptnio with gn>ator ease the snjallor tho nteuuia weight, 
while in tho uneven seriofl (for example, COa, DeO^, Snt>|, and i’hO|) 
tho cojitrary ii tho case ; and (6) tho stability of tho higher mlioi 
ox Idea in tho ©v»n wiriw (m in th© fourth » 0 ri« from iL|0 te 
Mn|Oy) deercases in passing from the lower to tho higher groupt, 
white in tho unevtn It increasm from the 1st to th® IVlh group, 
and then falls from tho IVth to the VlltU { for instenoo, in thi 


e' Wtlljjt'iitiU, atul dllirfa, l«y lh«* fwl t!i»t Ouatavinn »9i«l Frbslot h«A 

tU»!. uu'lftU-ewt* rwl'i'lly e*’""'******'* **' pifpentu® ^utnuiUim, 
tlw «* tiii« «‘f titi»rly »!l iho clpnidil# in this Km- ciinni'lf, Uwy l>«>k Whwjw, 

Uiti meUl» In l<«» BSi>«ri»nnMl»4 nn U> U, im») t'h)*<rinp Uis-oUjiSi I)** la 

light 'When, h«r ln«l*nro, nKltMin, j-tUaalum. Wrnm*. Ae>. w* lh»if» I# 

n» ftclJftH en tlw tefutitte j Uwl i*, hj’«lr*tplitfrt»> wkl to in«4 di®»ng«|i»4; b«t IfalBwIftlaw, 
fold, ©r, hft geueml, any imnUl ha¥it»g Ihia «f «4ih»g; ehWIwifcw (IlftJtefta* 


AgiO, OclO, InjOgi SnOj, and then SnOg, SbgOa, TeO„ tjO^. 
K Winkler looked for and actually found (1890) a depftuUnicM Uitween 
the reducibility of the metals by magnesium and their po,-4tiun in thi 
periodic system of the dements. The greater the attiuition paid to 
this field the more often is a distinct •connootion found tlm 

variation of purely diemical properties of analogous fiubiitiitn‘«ri mul 
the 'Variation of the atomic weights of the constituent and 

their position in the periodic system. Bofiidei, tince tlm p«ri««lid 
system has become more firmly esUbUsliwl, many faett hmm 
gathered, showing that thoro aro many sitnilaritirs b4wr«n 8n ami 
Pb, B and Al, Cd and ITg, (S:c., which had nut Ixsan pwvicnrdy ulwrvud, 
although foreseen in some oases, and a constHiuenoe of th« jMwimUe law. 
Keeping our attention in the same direction, wo kw that the rnml 
widely distributed elements in nature, aro. those with wnalt atoeoio 
weights, whilst in organisms the lightest eleaeitto ©xclusively pm- 
dominate (hydrogen, carbon, nitrogen, oxygen), whw© small msm faeili* 
tatos those transformations which are proper to otgankm*. FoImI* 
(of Kharkofi), 0. 0. Botkin, Blako, Brenton, and othow mm dliwowi 
a correlation between the physiological action of salts and othwr m* 
agents on organisms and the positions ocoujuihI in th« p«'n«H}ii’ ay iteni 
by the metals contained in thonii*^ 

As, from the necessity of the case, the physical prti{iorlii-« wufct hi 
in dependence on the composition of a 8ub«tanee, i.«. on tho liyalily 
and quantity of the demonte forming it, so for them also a df«|»nd» 
©nee on the atomic weight of the component elentinUs mmt t*t 
expected, and consequently also on their perimllo distribsitlofn. W» 
shall meet with repeated proofs of this in the further ©I 

our treatise, and for tho present will content oumdvwa with 
‘the discovery by Oamelley in 1879 of the dependence c»f the wagnello 
properties of tho elements on the position occupiwl by tilow in Ih# 
pefiodiO system, Oarndley showed tjiat all thi deatnti of Ih* 0 mn 

. W «vbcTO appriaia tes i»} M»fl «»»| 

tei to®. h>««' m m kuw tew{ aa4 il h l»|»s#t*t*fc u »issi« 
kw letfsp* te tf»t wd ilwwwti, m liw afcMM*# w»*f M 

is .Btope* to tk® dsmsttJi, sod art to ‘tm* u wkith, « i.» » 

, pound, a molsoolM! wet|kt to pretpr. Phyded pmp«rtl«g wm thtaiy 4«!#twiw4 by ib# 
properUeftot motooolM, sad only indlwUy d«pitd «i ih# p0fisrt.i« ef ili* ««•» hwmlmM 
the moleoiUee, Fot this rwnon toe prieds, wblA m etaMrty asi 
expeeased-dor Inetftnoe, In toe toms oi l» »«!»«. 



mrm Hthiam, potomtum, rubidium, wuium) bflonjjr 

to the nmubcr of tnagnotio (juiramagmstio) sulwtancj'a ; b»r wxiuiipb', 
according to Famcky and oUiora,*’*'*’* 0, N, t>, K, li, Cr, Mn, Fc, t’fH- 

^ i« %A\ ..1..^^. A... .... . . . ........ 



diamafnftia aad pftmma|fflaU« btKliesf i« nnBit'Umtm •IminifHl (jirut'iktiJy (ssrUy la 
thfi linpwfot4 purity of Ui« roanouln omlor fnvp»lij.;Alliiit) Thi» ettoHndl 

In RoniB pintail liy in limit 

•* II. IH nvnlrlil llmf limlij (!»■ (if/uio^i, «n|.ri mlly > s. n llfii , li4v<« J 

(liiti'rtmiiml with (lilt lit tin (’iai Itlit'lo, RII'I «"'I 11 >', pU- ft wi Tanin 111 Ihn saijflt I 

Ixivi' unly pivt’ll I'll itin I'ama i‘f r.itij,;!, aO'l ri'liipafativu it« ti’f i **!* Js' Sn 

tiui iin'Uiiiji pi'iutu of eilvtir »ii«l plaUiitim, now inatsy !»» 

Tttl'li' lU., Imttilc'n llui «t|to»n OiiMiima ri>»nroj«»int with ailooH, 

tiUnluin, riittiBiiiuni (’/), ainl «>emium (?). B»«eUl (i, Uw UKUioij' 

jHiiiiln, ami tht'ir ttmaiiim PMrr*»i«j»«»n«l wiih stilphutr, e*»Hrotn»y. Thw mloimm 

eorr<)ii[K>ni1 wtUi tin* Md motatu t4 (Iw sUkuli*. h idiaUttet in tuliH} 

»oari In thm of linear «»i(,?aii*«ii©a {phln^y to P'IiwmIs |j*f 

ifmlanflio, in verlirai (toriBa (arrmtiliBif l»» l.t*» of lb® atuswiiii F#, 

Co, NJ, f’u, Uw lifiojir BXjMujttlou in tnillO'niha of »m IhpIi 13, I?, aws! 'SI’i; h•^ Wt, 
I'll, Ajl, f’4, bi, Ho, wnl f"’!* the ri'>«-.Ki» ionla me> 0, I'i. tii. lit, iO. a«4 S'J, »•» iVxk^ m 
niHuimiiiK i« r«’4thoit at In. In llio epfif® It i?i, I’l iJt<, Alt IH'*. lip , II s’ljt, I't jui, 
Rfiil flMHIi ri“* irmsifonni la ot lli{ »«'! Sto> tiimiiuinii a* I'f !».■>. 'nl Ti. Sa! «: j| i > «!:ir4 

ihi« fumiM’tion by Him trA»\ Wtal W IliB J.s>~l»jr.t «‘f .1 .1 !». t;* 

eoflotAOi for nil tsIi'lKeola In W»« ft»« uOil twatJy KnjHal tn O 04 b»* 4 l-oo-.g |}n> <•»» 
#W< loiit of liorar o8j>a»a!iit!, # » *J?a, Shw |ns>5Sit»i; j- it;! r*|i-«!al«4 ft-m llso alm-.lu*.® ssfsj 
».w«l n»H U»«s if A ia lit# »*ig|-4. mpI 

i Bp- gr. c»f m AiHboMgb llw wtotri* j»r»s4««:l ♦* f»i4 aWt-lly tw**#. 

lWi*» 1'ksliil‘i min fita* w bl#* «»f llwt WS««wti wbfeb l» h*m 

a wrkin eoitwplion with awlt oibw. S»» M«*a, fSinfawsIttls*, olbw* afaw 
Imi ll»«ir ilMimikmt: 4rt ««l git* a «*1 •»»rl !*» 

'* {‘attn'llity f-'-nti'l a aitnilwl' 4»*|wtoSeio-» in lb» jn»-it9|.» «4 lb# 

WhSaIIh < liinstl «4 «l«i> h Jj" ti:4c!»S0!ir.s=4 f.-J Uii® sto 1 1ss ssullsesg- 

(nitvl I'. ’ihIb, ill k»?»i •■.! U.c f -ii'-wio^ >5,5 }i- 1 k» mi,, tu. a,,,es«-l a 

rtsjUilfifit) ia P- rjisl in Uifiis, fiU5. ibo t-.HJni*# Jai. I .| i*f a- ^ >j( 

itiw il»l* t» snaMlli. uni |.-» feg»|tBlaJia«S;'-s* •» 

r.lf 1 

fta*'! Tja” 

Hr I -;,34* 
t’«< I 434** 


r»* 3, 1S9’ 
Efs* 3, SagJ'-* 


|!»1> SQ' 
A5< Is jlsl''* 
t 

Oat'Ss fS» 


There is no doubt that many other physical propi'rtiiw will, whf ti 
further studied, also prove to be in periodic depondt'ru-« on tho at^unic 


comparison: HCl -112° {-102«) ; RbCt 7l0", SrCI-i HUft", Cd'l mil ’. lUCb »!.(•),, 
7a»(223°), TdCl, 200° (327°), ICl 27°, HgClj 27r (808°), miei ". 104 ' iS4«' h 

TaCls 211° (242°), WClj 100° Tlio melling-poinU ot Um linimulcw wnl uhIuU’* 
higher or lower than those of the corresponding cliloridos. Hcii.rdn.g to the 
weiglit of the element and number of atoms of the halogen, »n i» fr«>in ihm 
examples;—! KCl 784°, KBr 099°, KI 034-’; 2. AgCl 4B1“. AgUr i'l! , Agl 
8, PbCla 498’ (900°), PbBrj 409° (801°), I'bli 888“ («>«") i '*■ Hitfl, U l-w 
SnBrji 80° (201°), Snii 140° (296) (m« Chapter It. Note 27, and X,t. Not# 


47 &o.) , . . , , % 

Laurie (1882) also observed a periodiolty in llio «/ tl«,%<.i..{«Mi ,ii {),« 

formation of the olilorldos, broniidim, and ioiliihm (I)g. 78), as i« fr«a» Ui« 
figures, wlioro tlio heat developed is expraoawl in Utouitamls of ralonca, and t., n 

molooulo of chlorine, Clj, so that the heat of fonnaliun of KCl ia d.iul-Ut, and that ,.f 
SuCb halved, &c.: Nu 196 (Ag 69, Au 12), Mg 161 (Zn 07, C.i 08, llg A8i, .41 117. 7M 
(Sn 04), K 211 (Li 187), Ca 170 (Sr 185, Ba 104), whenco it l« »v«n that Utp 



Pro. 70,— Laurie's dlagnun for exprewInB the pwlwlle variation of i1m» L*-*! «4 »<| »ti« 

ohloritlos. The nhsolsmo give the aUirolo welgliiR fwiw 0 i« SJu, and ilw* wdiiwiiia* ti>» 
heat from 0 to 220 ihoustiwl ealorles «v«lve«t In Uw rirntWnaiion stUh t*t, ♦U' wHfc ft |«n» ,4 
chlorine). The spices ot the ourve oorrvsponil to 14, Ka, K, lib, tX »**1 »»» I**** «s» 

P, Cl, Ur, and I. 

amount of lioat Is evolved by the meUls of Ut» alkalts, owl tiwl in «•*»!» « 

falls from them to the halogen#, which evolve very little hmM in c*o«bn»t«ii . 

Rlohardaon, by oomparlag the heats of (ormyon of the flwurWwi mtiw t« ii«. 
oonolnsion llmt they ere to perlodio depndwc# upon ibi utowte *4 ih# 

eletoehts. 

In this respect it may not be supeeflutm# to reawk (1) that rnhtmm 

I have employed above, observed a oorrelatwu to tlw ealwifc ml 

elamente, although he did not remark their perlmlte v»f4al«j«; fi| that t|*» nmtmtmAf 
of many thormochemleal' deduoUotiB must gain ft;w»id*T»y| by nf tl»» 

penodlo law, which evidenlly repeats lt««l( in ruloniweln* »«4 »f «kl* ft#-. 
quently load to true forecasts, this I# doe to the pertelWty »f the ttwotwl w w.ll «« »l 


propertitss ajul rt^btions of sul«ta.nw>« k sfrown mt evtttj »t«|i. 
for inatanee, of all the lafttals thomu t>f ibi aJkali*, mvA «f *1! th« iwb- 
metals the halogcui, nm tbw mmt energiitio li» tl»«ir rf»«*tion», anti tl»| 
hftTO the low^t apeelhe gravity mmmg tl» i4|iic®8i elaiii«nH « is«o 
In Table liL, II Bueh wni rmbWiaa* 

<»{um among' tlit mttofa, ntdchbriii^ tow«i»% 
noro metals ; mid m itteh l«i tfKWitIb m iffclii»t pMuttW* 

gold (and tven ohiwvMJl or th® dinmond) l»vi tib* 
gmvlty among th© n»r to tlmm in atowte w#ifhl | lltiwrftwi 

t.he degree of the eomletiaatiou «)f matter evj<hnitly i»ifltt«ic« tl» 

OOUltfo of thn tranafonualiona projiiKr to a BulwtAnee, «»«l larlWriKtif# 
tluH chijK*U(letu-«' on the ntomia woight, alth«njgh vwy «?i*i»|4«w, i* of a 
clearly periiKile ehttiwti’r. In order to t*w thb fas **.«»» 

it may Im liuagimMl tlmt the UghteM elowonl* w |wirw«% and, lik« ft 
ipcmge, are enajly jwtMJtrat©*! by otter witPul tte 

©lemwitu aro wow a»wpr«*«i, mmi fit© wmy with difctltf I® Ite 
Itwertion of other ©Imnent*. T1 m««i rektlona am tnwl ttiwl«Prt»i4 
itMtiwi of the ^potnde gravili«« niforriftg to «, imll «f tte 

akmue volumt^s t/Me rte>}es*##^.~ib*t ia, tim cjootmot J/i'i of ite at««4i« 

wHll iW #sw l Sw.5w|#-^ 

ICXll , K«4«5 4l'*, ICICVI , #-‘S -S-w" | 

If* ihm iN' ^ ^ 

alWiM inirlK *«i»# *« y* lfe«t im mi* lAm fShmm to « 4 

% prWii etefwteif Is 8f«» Ite tn^slBfc? »#4hte IVtoWf « ^h*m 

#y«l»«Atte «l 84 f «f mmf Ite «f tte *hmmm mM ^ **>.t 

tew «4 te Item miU ««»* «w 4 tehl I# m4 im 

istewUng ite f».t»jj« fd df Ste piwtewj* !«•. 

tf fct> J-joai.lsn SWriljn sWi* !8'>. Ite S^f^e-Sasa 

llUrUSit'r, ^3*4 sisusl'^^f I ? * |>'«isUw0 '4 r'i3yf«»|-att^44St4j f » 

l-ES f-.,.U3.4 hx P’SK'.ImS -iSt i f II^^O '■I 

Uw 

I! .wtsisnc®, 

f«*f iPlifil nilh ihc 

ib-l'pl liar. I 
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weight A by the specific gravity d-are taken for compamon. At, 
according to the entire sense of the atomic tht’ciry, tin* iictual matter 
of a substance does not fill up its whole cubical contentij, but h *UP* 
rounded by a medium (ethereal, as is generally imaginCHl). Uk« the start 
and planets which travel in the space of the hoavoun atnl fill it, with 
greater or less intervals, so the quotient Afd only ospn-ssrs the mr.m 
volume corresponding to the sphere of the atoms, and thort'fnro ^ d,(l 
is the mean distance between the centres (if the atinM. hor cuni|Hnuuli 
whose molecules weigh 3f, the moan magnituile of the atomic vtilunio td 
obtained by dividing the moan molecular volume M^d by the numbi'P 
of atoms n in the moloculo.®' The above rclationi may ciwdy l>o 
expressed from this point of view by comparing the atomic vtdumci. 
Those comparatively light olomonts which easily and fn-tjueutly ontt'C 
into reaction have the greatest atomic volumes : amlium -M, jHita»^intn 
45, rubidium 07, crosium 71, and the halogens about 27 ; whilst with 
those elements which enter into reaotion with difficulty, the mmn atondo 
volume is small ; for carbon in the form of a diamond U b* lew thaa 
4, as charcoal about 6, for nickel and cobalt leas than 7, for Iridiura 
and platinum about 9. The remaining eli'tiicnts having atomic woight# 
and properties intermediate between thoso oleim'ntn incut toned almvi} 
have also intermediate atomic volumes. Therefore ih‘' ymritm 

and specific volumes of solids and liquids stand in ixthhIu' dep»mhm'4 
on the atomic weights, as is seen in Table III., wimro iMith A {tlm 
atomic weight) and d (the specific gravity), and A/d (upwific voluimw 
of the atoms) are given (column 18). 

Thus we find that in the largo periods Itegiimlng with lithium, 
sodium, potassium, rubidium, cnesiuro, and ending with flunritucSi chl«rin», 
bromine, iodine, the extreme members (energetic elementa) have 
small density and largo volume, whilst the intermiMlwto sulwtAnceg 
gradually increase in density and dfcreaae in volume that 1% M the 
atomic weight increases the density riwa and falit^ opin riwi and fallt, 

epooiflo gravltiy and speotflo rolama of ths frso w*# bf m» ^ 

August 1869 to th« Moscow Mooting of Rutslan NatnmltW*. h» itw frflimiiii ymr 
L. Meyot’s paper appeared, which also dealt with Uw spwifa valtjw# f4 ihm 
»» In my opinion the mean volume of the awme of Ammrnrs motrn 

tlon than has yet been paid to It 1 may point «mt, for tastanae, that tar fweWf mmt»m 
oxides the mean volume of the atom Is geaeiralSy »i*r!y t ; for tnwpl#. tii» 

803 O 5 , TiOj, VjOj, os well as ZaO, Oa«Oj, QeO„ ^rtb. «Mb. *«■ , »ha.| 
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8. There is no need for comparing volumes in a solid and liquid stato at tlio so* 
called corresponding temperatures— that is, at temperatures at which the vapour tension 
is equal in each case. Tlie comparison of volumes at the ordinary temperature ia sufS* 
dent for finding a regularity in the relations of volumes (this deduction was developed 
with particular detail by mo in 1850). 

9. Many investigators (Persoau, Schroder, Lb’wig, Playfair and Joule, Baudrimon^ 
Einhardt) have sought in vain for a multiple proportion in tho apooifio volumes of solids 
ond liquids. 

10. Tlio trutliof tho above is seen very clearly in comparing tho volumes of polymorio 
snbstanoos. Tho volumes of tlicir molecules are equal in a state of vapour, but arc very 
different in a solid and liquid state, as ia seen from tlio close resemblance of tho speoiflo 
gravities of polymorio substances. But as a rule tho more complex polymeridds oro 
denser than tho simpler. 

11. Wo know that tho hydroxides of light metals have gonoriilly a smaller volumoi^ 
than tho metals, whilst that of magnesium hydroxide is considerably greater, which is 
explained by the stability of tho former and instability of tho latter. luiiroof of this wo 
may cite, besides tho volumes of tho true allcali metals, tho volume of, barium (00) which 
is greater than that of its stable hydroxide (ap. gr. 4’I5, sp. vol. 80). Tho volumes of tho 
salts of magnesium and calcium are greater than tho volume of tho metal, wijili tho 
single exception of the lluorido .of calcium. With the heavy metals tho volume of tho 
compound ia always greater than tho volume of tho metal, and, moreover, for such com* 
pounds as silver iodide, Agl (d — G'7), and morcurio iodide, Hglu {diaC’2, and tho volumes 
of the compounds 41 and 78), tho volume of tho compound is greater than tho aura of tho 
volumes of the component elements. Thus tho sum of the volumes Ag + 1=3 00, and tho 
volume of Agl=41. This stands out with particular oloarnoBs on comparing tho volumes 
K+l«=71 with the volume of KT, which is equal to 64, bocauso its density* 8’00. 

12. In such oombinations, between solids and liquids, as solutions, alloys, isomorphoua 
mixtures, and similar feeble ohomioal compounds, tho sum of tho reacting BubstanooB is 
always very nearly that of tho resulting substance, but hero tho volutno is either slightly 
larger or smaller than tho original; speaking generally, tho amount of oontroetion 
depends on tho force of affinity acting between tho combining substances. 1 may hero 
observe that tho present data respecting tlia speoiflo volumes of solid and liquid bodies 
deserve a fresh and full elaboration to oxplaip many contradictory statements whi(A 
tiave aooumulatod on this subjeot 
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* Zinc oxide is oT^Uined both by the combustion and oxidation of zinc, and by the 
Ignition of some of its salts — for instance, those of carbonic and nitric acids.; itislikowiso 
precipitated by alkalis from a solution of ZnXj in the form of a gelatinous hydroxide. 
Tlio oxide produced by roasting zinc blonde (by burning in tho air, when tho sulphur is 
con-verted into sulphurous anhydride) contains various impurities. For puriflciitioti, tho 
oxide is mixed -with -water, and tho sulphurous anhydride formed by roasting the blende 
is passed through it. Zinc bisulphite, ZnS03,H2803, then passes iiito solution. If a 
solution of this salt bo evaporated, and tho vosiduo ignited, zinc oxide, froo from many 
of its impurities, -will remain. Zinc dxido is a light -white powder, used as a paint instead 
of white lead ; tho basic salt, oorrosponding with magnesia alba, is used for tho sivmo 
purpose. V. Kouriloft (1890) by boiling tho hydrate of the oxide with a 8 p.o. Bolution of 
poroxido of hydrogen obtained ZnjHaO^ or tho hydrate of thd peroxide ( ™ ZaOaZuIIaOa 
or a compound of 2ZnO with HjOfl), which did not part with its oxygon at 100®, but 
only above 120°. Cadmium gives a similar compound Cf a yellow colour. Magnesium, 
although it does form such a compound, does so with great difficulty. 

5 For tho solution of one part of tho oxide 56,400 parts of water are roquirod. Novor.' 
thelesB, even in such a weak solution, zino oxide (hydroxide, ZnlljOj) changes tho colour 
of red litmus paper. Zino oxide is obtained in- tho wot way by adding an alkali hydrox- 
ide to a solution of a sine salt— for instance: Zn80(| + 2HK0«»K3804+ZnTIa0a. Tho 
gelatinous precipitate of zino hydroxide is aoluhle in an excess of alkali, which clearly 
distinguishes it from magnesia. This solubility of zino hydroxide in alkalis is duo to tho 
power of zino oxide to form a compound, although an unstable one, with alkalis — that is 
to say, points to tho fact that zinc oxide ah'oady partly belongs to tho intermediate oxidoa. 
The oxides of the metals above mentioned (except BoO) do not show this property. Tho 
property which raetallio zino itself has of dissolving in caustio alkali with tho disongago- 
ment of hydrogen (the solution is facilitated by oontool witlt platinum or iron) depends , 
on the formation of such a compound of the oxides of zino and Uio alkali metals. ' Tho 
solution of zino liydroxido, ZnHaOj, In potash (in a strong solution), proceeds when those 
hydrates are token in proportion to ZnllgOa-^KHO. If such a solution bo ovapofatod to 
dryness, water extraots only caustio potash from the fused residue. When a solution of 
zinc hydroxide In strong alkali is mixed with o largo mass of water, nearly all tho oxide 
of zino is precipitated ; and, therefore, in weak solutions, a large quantity of tho alkali ia 
required to effect solution, which points to tho decomposition of tho zino-alkali compounds 
by water. If strong alcohol bo added to a solution of zino oxide in sodium hydroxide, 
the orystallo-hydrate, 2Zn(OH)(ONa),7HaO, separates. 

^ £im chloride, ZnClj, is generally employed in tho arts in the form of a solution ob« 
tolned by disBol-ving zino in hydrooblorio acid. This solution is used forsojddring metals, 
Impregnating wood, &o. The reason why it Is thus employed may be understood from its 
properties. When evaporated it first parts with its wator of crystallisation ) on being 
further heated, however, it loses all traces of wator, and forms an oily moss of anhydrous 
salt which eolidifles on cooling. This substance melts' at 260°, oomiaenooB to vola- 
tilise at about 400°, and boils at 780°. The soldering of motalB~that is, the intro- 
duction of on easily fusible metal between two oontiguoua metallic objects— is hindered 
by any flhn of oxide upon them ; and, as heated metals easily oxidise, they are naturally 
difficult to solder. Zino chloride la used to prevent the oxidation. It fuses on being 
heated, and, covering the metal with an oily coating, preventa contact with tho airj 
but even if any oxide has formed, the free hydrooblorio acid generally existing in the 
zino chloride solutipn diaaolves it, and in this way the metoUio .surface of the metola 
to be soldered is preserved fit for tho adhesion of tho liquid solder, which, on 
cooling, binds the .objects together. Much zino oldoride is used also for zteeping 
wood (telegraph-posts and railway-sleepers) in ordep to preserve it from decaying 
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^y ptuposes, A sdatioa of *l4.'3rite wii* •».*. », 

cimilor ^yobloride. The atam rnJhltfym W»t mP-^m 0.w4-^ *« ... 

of eino In toe ehlwid# and «ild», *ftd wW ,? .w* ..L 

In preparing sneh a emeat, wterallf t$m «*Jte »», 1 , ,...i 

^ ® «M ad«t #4 fe lb ,.| 

^ 1!^ wrtrfli# te 

witomoleonles otoe# wfc»to#^ i 

» ooMpoaad, EaOI#8NijL d 

which Mk in i^niiLMu) kuw. 








found in thick veins : for instance, in 
Poland, Galicia, in some places on tho 
banks of the Rhino, and in considerable 
masses in Belgium and England. In 
Russia beds of zinc ore are met with in 
Poland and the Caucasus, but the output 
is smalL In Sweden, as early as the 
fifteenth century, calamine was worked 
up into an alloy of zinc and copper (brass)^ 
and Paracelsus produced zinc from calt^ 
mine •, but the technical production of the 
metal itself, long ago practised in China> 
only commenced in Europe in 1807 — in 
Belgium, when the Abb£i Bonnet discovered, 
that zinc was volatile. From that time 
the production increased until it is now about 150 million kilograms in 
Germany alone. 

The reduction of metallic zinc from its ores is based on the fact that 
'zinc oxide ’’ is easily reduced by charcoal at a rod heat : ZnO + C 
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Fto. 80.--DIstiUatton. of x(no lu, o, 
oruoiblo placed In n fumaoo. o «, 
tiibo along whloli tho vapour 
passes and oondenses. 


® This mineral baa been given the amne of ‘ mock-oie,* on account of its having th^ 
appearance (considerable density, 4'0f(, &o.) of ordinary melallio ores } it deceived the 
first miners, because it did not, like otlier ores, give metal when simply roasted In air and 
fused with charcoal. The white zlno oxido, formed by burning the vapours of slno, was 
Also called ‘ nihil album,’ or * white nothing,’ on account of its lightness. 

‘ It may be here mentioned that by the word ore is meant a hard, heavy substoneo 
dug out of the earth, which is used in metallurgical works for obtaining the usual heavy 
inetala long knowQ and used. The natural compounds of sodium, or magnesium, aro 
not called ores, because magnesium and sodium have not been long obtalnabie in quaa* 
tlty. The heavy metals, those which are earty reduced and do not easily oxidise, aro 
exclusively those which are directly applied in manufactures, Ores either contain the metab 
themselves (for instance, ores of silver or bismuth), and the metals are then sdd to be in a 
native state, or else theiir sulphur compounds (blende, mook.ore, pyrites— as, for example, 
galena, Pb8 , sine blende, ZnS ; copper pyrites, CuT'eS) or oxides (as the ores of iron), ot 
salts (calamine, for instance). Zinc is incomparably rarer than magnesium, and is only 
well known because it is transformed from its ores into a metal whiob finds direct use i& 
many branches of Industry. 

’ Ores, when extracted from the earth by the miners, are often entlohed by «otti))|h 
washing, and other mechanical operations. The sulphutoas ovee (and Ukewiee othei^ 


liquid or solid state. The reduction and distillation are earri**! ois im 
earthenware retorts, filled with a mixture of thr* divided om srnl 
charcoal. The vapours of zinc and ga»e« formed during the ri'afis^u 
escape by means of a pipe leading downwards, and are li*<l to a rhaml'^f 
where the vapours are cooled. By this means they do twt mtue mfo 
contact with the air, because the neck of th« r»tori i* tllW »4th 
gaseous carbonic oxide, and therefor© the sine dOM not oxidlw ; 
wise its vapour would burn in the air.'^ The wpouw ©f line, •mur- 
ing into the cooling chamber, condense into white line powtier or dma 
dust. When the neck of the retort is heated the line i* oht4iiri'p*l m 
a liquid state, and is cast into plates, iri which form it }« 
sold. 

Commercial zinc is generally impure, emitAtiiing a of l. agl, 

pqrticles of carbon, iron, and otlior raotala carntnl over with tf»» vA|»<4ar», 
although they are not volatile at a temperatuoi ttjqmmching lft»’ If 
it be required to obtain pure zinc from tlm eomm«reial artirle, it i* 
jected to a further distillation in a oruelbb with a pip piniiif Ihrtiitfh 
the bottom, the vapours formed by the heated line only having #«ii 
through the pipe cemented into the Imttom of the emcitde, i\ming 
through this pipe, the vapours oondense to a liquid, which h 
in a receiver. Kino thus puriflod is genemlly re- melted and r«*l mi** 
rods, and in this form is often used forphysiml and chemical n-scarrliw 
whei-© a pure article is required,* 


are then generally roasted Roasltog an mt mmmu ft to m *1# ^ 

Bulphur then bums, and passes off La the lomt of snh^ww# »*. m4 ^ 

metal oxidlsea, The roasting Is oarrSed on t« order Is obtoia m s*#^ « 

sulphur compound, the oxide being redooihle by fbww 

ages ago, are met with in nearly aU metaUarfiml wwJti tm «li 

this reason the preparatory treatment of *i»o bhwsde famlahen sioc m*4m «»» 
contained in oaliunino. * 

r til. With very impure ores, CBpeeially aueh nu foniaJn le«,l (I'PH . h* . ..,.1 

BiQohthe vajwur of the reduced aino in allowed to peim d»rw«y ,1,5*, A* „ , {5 ,t 

and gives ZnO, which i\ amd m a pigment 

® This sine, although homogBtieona, still ewrfew** to . * « ». „ 1. 

wmen latter is then distilled with ehareoal , and, a* thin *bm« «t «,»# *■«* «»it fee .■**» •-i 

from very pure motal, they are frequently ^ 

In order to remove the areetno fm» ««e, ,i wm 
M hy^ons magnesium chloride, by wWeb mpmt* li *im 

hloride are formed. PerteoUy pur* tine ft amda (V Mwfmr 
by means of the galvanic oarr«t,|, a iduMnn aI fji» Mityw... 1,9 ^ 

^ MmA's «r«sii« s«ii Ms«. . 


to which it has been subjected. It is very ductile, considering ita 
hardness. For this reason it chokes up files when being worked, Ita 
malleability is considerable when pure, but in the ordinary impure con* 
dition in which it is sold, it is impossible to roll it at the ordinary 
temperature, as it easily breaks. At a temperature of 100°, however, 
it easily undergoes such operations, and can then bo drawn into wire 
or rolled into sheets. If lieated further it again becomes brittle, and 
at 200 ° may bo even crushed into powder, so completely does it lose 
its molecular cohesion. It melts at 418°, and distils at 930° 

Zinc does not undergo any change in the atmosphere. Even in 
very damp air it only becomes slowly coated with a very thin white 
coating of oxide. For this reason it is available for all objects which 
are only in contact with air. Therefore sheet zinc may bo used for 
roofing and many other purposes.® This groat unchangoability of zino 
in the air shows its alight energy with regard to oxygon compared 
with the metals already mentioned, which are capable of reducing zino 
from solutions. But zina plays this part with regard to the remaining 
metals — for example, it reduces salts of load, copper, mercury, &o. 
Although zinc is an almost unoxidisable metal at tho ordinary 
temperature, it burns in the air on being heated, particularly when 
in the form of shavings or in tho condition of vapour. At the 
ordinary temperature zino does not decompose water — at any rate, if 
the metal be In a dense mass. But oven at a temperature of 100° zino 
begins little by little to decompose water; it easily displaces the 
hydrogen of acids at the ordinary temperature, and of alkalis on 
being heated. 

In this respect the action of zino varies a great deal with the 
degree of its purity. Weak sulphuric acid (corresponding with tho 
composition HaS 04 , 8 H 20 ) at the ordinary temperature does not act at 
all on oheraioally pure zino, and even a stronger solution acts very 
slowly. If the temperature be raised, and particularly if the zino be 
previotisly slightly heated, so as to cover the surface with a film of 
okide, chemically pure zino acts on sulphuric acid. Thus, .for example^ 
one cubic centimetre of zino in sulphuric acid having a composition 

® Oomioes and other arohiteotural ornaments, remarkable for their lightness and 
beauty, are stamped out of sheet zino. Zino-rooflng does not reijuire painting, but it 
thelts during a conflagration, and even bums at a strong heat. Many iron vessels, dko.* 
4te covered with sine (‘ gtdvanlsed ') in order to prevent them from rusting. 


of hydrogen which occurs in tlie oa&e ol aommeroW sbe, w« Ai* 
the influence of those impurities in tho eino ia very grral. Emrf 
particle of charcoal or iron introduced into tlm msm of the sins, «»4 
likewise the connection of tho zinc with n pieeo of anwiiier uitH irsi- 
negative metal, assists sudi a dissolution. The slowneii erf itiii 
of sulphuric acid on pure zmo (and likewise on §im} mmf 

also be explained by the fact that a layer of hydi^an ** m 

the surface of the metal, preventing ooafcaot bttwita ^ a4d Mul 
metal. i'** 

The action of zino on acids, and tho consequent erf fJ«i# 


Voeren (1801) proved thin liy Httniilo «>x|tc(rimPiila, Itwl i»» »*»■».. il.e ».,|i*i 4 .. 4 , 

proceeds far moro rapidly for bnlh jiuro iiml r.iiniiit-rrml sn.. ,, nu-l as.JS sn j* 

the prosonoo of oxidising agcinla (wJiii-h nl.Borli tin. Jitc I'jf », a*, J !},» 

Tho addition of euprio siilplmto, or, l«*Hpr (.(ill, a few U?,.j <. | «,« **# 

(tho motals booorao roducod), to tlio sulithurip wtii gwistly jfe* «», r.i iis# 

hydrogen, bocauso in this ease, as with ounintrrrio] Kvmpht* *#* 

locally by tho ooppor or platinum and the ainc, tt««W Uw dt m-M ih* a'm 

rapidly dissolvos. Tho action of aeMa on wotaJlie ithie d d pmm km 

boon tho subject of many Investigations, rmrltettlariy m 

application of rlnc in galvanic batteries, wUliat 4iimt 

oanoo for ohomioal mechanics, aUlunigU from many pciliila d « 4 #w teojirv u m* 
cletw. I consider it useful to mention certain of 

Calvert and Johnson ma<lo the following of dWfveh.n. ti.* d 
phm-.o acid of various degrees of oonooBlralm,, on S grams ..f s.iw i* . 

In tho cold tl« oonooutratod acid, IMiO„ m.i oK, 

0002 gram, but prinoipaliy forme hyUrtigen sulptmto, wfeepfe >e . j- V-j 

d ilu ion reaohes E,B0„iU,0, «!,«« oosg grS ,4 

diluted with water, pure hydrogen limine to b» diesiap^. lOlci 

ft “i^ture of hydrogen sulphide and salpbttiottji ai»Jiy4riili» #1 

Bouoharaat8lmwedthiaainftvft»elma4««f ^ 

Roting on a piece of sine libwates one piyriof hy#i»«, tw 
piece of sine in the some Ume will uCte 4 
tm-that is, sine forms a galvanic couple wiUi ^tn a 
ftro sot free, with a vessel of antimony or bismuth 18 

copper 60 parts, iron « parts. If a mlt JTuZlu^UiT t ^ , f'** ** 
acid (1 part of acid and la parts of water), hi tlhm 4 ».t».»wmw| iCi *' '*■ ’«»** 

action on tho sine is {nareased Up times and |.y Uib &a j,!, " '’** **'• 

dcrod 46 times greater than Urn 

because they form local galva^ lurwntl,^ wv,** fc, 

Aooording to the observation* of C*Ull»i«pi 4 f ar ik« ..j, 
with rine liberates 100 jwta ot hydr?io ttw« wS m«i 

47 parts wUl be peraled and! part 
DebW! uwTSi;*!^ 


The salta of ammonia act more strongly th.an the salts of potassium and sodium j tho 
zinc remains bright. It is evident that this action is founded on tho formation of 
double salts and basic salts. 

The variation with concentration in the rate of tho notion of sulphuric acid on zino 
(containing impurities) under otherwise uniform conditions is in evident connootion with! 
the electrical conductivity of tho solution and its viscosity, although, when largely' 
dilutod, tho action is almost proportional to tho amount of acid in a known volume of 
'the solution. Forging, casting tho moHon motal, and similar mechanical influences 
change tho density and hardness of zinc, and also strongly influence its power of liberating' 
hydrogen from acids. Kayandor showed (1881) that when magnesium is submitted to 
tho aotiott of acids: (a) tho action depends, not on tho nature of tho acid, but on its 
Jsasicity ; (h) the increase of tho action is more rapid than tho growth of tho concentration ; 
end (c) there is a decrease of action with tlie inoreaso of tho coefficient of internal 
friction and eleolrical conductivity, 

Spring and Aubel (1887) measured the volume of hydrogen disongagod by an alloy, 

? ! zino and a small quantity of lead (O'O p.o.), because tho action of acids is thou nni< ^ 
orm. In order to deal with a Imown surface, spheres ward talton (O'S millimetres 
diameter) and oylindors (17 mm. dia.), tho sides of whioh wore covered with wax in order 
to limit tho action to tho end surfaces. During tho commenoomont of the action of a 
definite quantity of acid the rapidity inoreasos, attains a maximum, and then doclinos as 
the acid becomos exhausted. The results for 5, 10, and 15 per cent, of hydrooldorio acid 
hre given below. H denotes the number of cubic centimetres of hydrogen, D tho time 
In seconds elapsing after the zinc spheres have been plunged into the oeid. At 16° wore 
obtained ; 
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Iq oonsequenoe of the complex character of tho phenomenon, tlie authors themselvoa 
do not consider their determinations as being oonoluaive, and only give them a relative 
flignifloanoe ; end in this oonneotion it is remarkable that hydrobrorruo aoid under similax 
conditions (with sn equivalent strength) gives a greater (from 3 bo 6 times) rapidity of 
action than hydroohlorio oeid, but sulphurio aoid a far smaller volooity (nearly SB times 
smaller). It is also remarkable that during the reaction the metal becomes much more 
heated than the aoid. 

It may be mentioned that zino duet and zinc itself, when heated with hydrated lime 
and similar hydrates, disengages hydrogen •. this method has even been propoaedi for 
obtaining hydrogen for filling war balloons. 


the metal when the receiver is not hmtwl up to tl>« tneltjog |»itil, tm 
account of its presenting a large surfiww of contort srifl rr«ita|fil«f 
foreign matter (particularly zinc oxide), hue in th»’ hl||hr»i ,lrf:rr* if» 
property of decomposing acids, and even water, wliirh ii rajjlt ,!»■. 
composes, particularly if slightly hoattsd. On tlji« fttw-Mutii litir 4mi m 
often used in laboratories and factories M a ndludnf af»'«t A wimiUr 
influence of the finely divided etate is aliO noU-Ofei to 
for instance, copper and silver— whieh ttp^to dbowi th» et« •?«»’ 
neolion between chemical end phyaioo-jneebaiiiml W» 

must first of all turn to this clostJ connection for an ctislsft-sikfii 
of the widely spread application of zinc in gslvanir 
the chemical (latent, potential) ciu'rgy of the acting Hul^tasj, «!* j» Iwb*. 
formed into (ovidont, kinetic) galvanic ciicrg)’, and fJii* 3*nef 

into heat, light, or moclmnical work. 

Hermann and Stromeyer, in 1H19, ahowwl th*»l 
always found with sine, and in m&ny rmpmi% rwwifetei li. Il'ls#a 
distilled the cadmium vokttlisos eoonor, il Iim a. k«w 

point. Sometimes the zinc dust oljtaincsd by tb© Irrt tllilllIttfeB 
zino contains as mucli as 0 pur oent. of ooilmium. When fine 
containing cadmium, is roostfsl, the sine mu* «b« iss#s* 4 

oxide, and the cadmium sulphirle in tho.r.rc o-shiiw* «raJsak**« 
sulphate, CclSO^, which rcsiatu tolerably well Ui«ia«U!j}» o| hmg , iW». 
fore if roasted zinc blend© \m with wator. » 

cadmium sulphate will be obtained, from whhh li I# tw •*** i« 
prepare metaUlo cadmium. iU-llAkIt 

separating cadmium from Its udmtfeM; i% 

qf cadmium sulphide, OdS (aorordlof te lb« iowilii* CMKfl »'|| g 
=HjS 04 + 0dS),>‘ which, on account of im ebM«-l#d*iic 
used as a pigment” w* Cadmium sulphida, ^ 

air, loaves cadmium oxide, from which the mvut I-- « 

precisely the same way oi in the caao of bIim-, 


“ Ifc may bo hero remark«4 thal hU{**s» ta lUm; ^ , 

aoia*) ao 0 » not give a preoipital* r»f swlrtatk t4 *im m h, i" 

Bulphurotua hytlrogfln tf 

nh-llt "'1 ^ cadmium Iw i»«» df « »!« e»f ** 1 ^ 

(1890) studfad th« phyrieaj pnp»tU»* ef llw« ^ 

(wmar k 8-000. wd of tbe Uter rSlTmJ^rt 

Ths am varttty u rnrnZm S 


point 770° ; its vapours bum, forming a brown powder of tho oxido.'* 
Next to mercury it is the most'volatile metal ; hence Doville deter- 
mined the density of its vapours compared with hydrogen, and found 
it to be equal to 67-1 , therefore the molecule contains one aiom whoso 
weight = 112 V Meyer found tho like for zinc ; tho molecule of 
mercury also contains one atom. 

Mercury resembles zinc and cadmium in many respects, but presents , 
that distinction from them which is always noticed in all tho heaviest 
metals (with regard to atomic weight and density) compared with the 
lighter ones — namely, that it oxidises with more difficulty, and its 
compounds are more easily decomposed.** Besides compounds of the 

Amongat the compounds o! oadmium very olosoly ollUd to tho compounds of aino, 
wo must raenllon cadmium iodide, Cdlj, which is uaod in medicine and photograpliy. 
This Bolt oryatalliaea very well : it is prepared by tho direct action of iodine, mixed with 
water, on motallio cadmium. One part of cadmium iodido at 30°re(;tuiro8 for its aoluUon 
1'08 part of waton It may bo remarked that cadmium chloride at tho aoino tojuporaturo 
requires 0'71 part of water to disaolvo it, ao that tho iodine compound of this metal is 
less soluble than tho chloride, whilst tho reverse relation holds in the case of tlio oorro* 
spending oompounda of the alkali or alkalinonarthy motals. Cadmium aulphate cryatab 
Uses well, and has tho composition SCdSO^jSHaO, thus differing horn sino sulphate. 

Cadmium oxide is soluble, although sparingly, in alkalis, but in the prcmouoo of 
tartario and certain other acids tho aUcaline solution of cadmium oxido does not cliange 
when boiled, whilst a diluted solution in that oaso deposits cadmium oxido : this may 
also serve for separating zino compounds from thoso of cadmium. Cadmium is precipi- 
tated from its salt* by zino, which fact may also he taken advantage of for separating 
cadmium; for this reason, in an alloy of zino and cadmium, aoids first of all extract the 
zinc Cadmium is in all respects less onargotio than zino. Thus, for instance, it decom- 
poses water with difReulty, and this only when strongly heated. It even acts but slowly 
on aoids, but then displaces hydrogen from thorn. It is nooossary hero to call attention 
to the fact that for alkali and alkalino earthy metals (of tho even series) tho highest 
Rtomio weight determines the greatest energy ; but cadmium (of tho uneven series), 
whilst having a larger atomic weight than zino, is less onergetio. Tho salts’ of cadmium 
are colourless, like those of aina De Schulton oblolned a crystalline oxycWorlde, 
Cd(OH)Cl by heating marble with a solution of cadmium chloride In a sealed tuba 
at aooo 

IS 6ii A.ocording to its atomio weight, mercury follows gold in the periodlo system, 
Just as cadmium follows silver and zino follows copper t— 

Ni» 69 Cu® 08 Zno CO 

Pd»108 Ag^lOB CdMllS 

Pt«19(J Au»l08 Hg-900 

Eventually wo shall see tho near relation of platinum, palladium, and nickel, and also of 
gold, silver, and copper, but we will now point out the parallelism between these threo 
groups. The relation between the physical and also chemloal properties is here slriklngllf 
elmllar. Nickel, palladium, and platinum ore very diffloult to fuse (far more so than Irotts 
ruthenium, and osmium, wWoh stand before them). Copper, silver, and gold melt tax mote 



usual type RXj, it also gives those of the lower type, RX, which »r« 
unknown for zino and cadmium. Mercury therefore given •alti of 
the composition HgX (mercurous salts) and HgXg (mercurio th® 

oxides having the formula) HgaO and HgO respectively 

Mercury is found in nature almost exclusively in rtmibl nation with 
sulphur (like zino and cadmium, but is still rarer than thrm) tn rh« 
form known as cinnabar, HgS (Chapter XX., N<noL*i*) It i-i far sj»*re 
rarely met with in the native or metallic cnnrlition, an*! this r»» all 
probability has been derived from oinnalmr Mercury um in found urilf 
in a few places— -namely, in Spain (in Almaden), in Tdrla, l%m, 

and California. About the year 1880 Minenkoff d{»«tv»i»i a rich Wi 
of cinnabar in the Bahmoub district (near the station of Nikitovkah 
in the Government of Rkatorinoslav, so that now Euwitt ev^n !**• 
ports mercury to other countries. Cinnabar ia now Ixdng work«f 
in Daghestan in the Caucasus. Mercury ore?) arc faaily reduiW i«i 
metallic mercury, because the coinhination betwi'cn the metal and ttm 
sulphur is one of but little stability. Oxygen, iron, Ihnc. and 
other substances, when heated, cosily destroy the ttotuhination. If smii 
is heated with cinnabar, iron sulphide is forrood ; ildnnabar w brntodl 
with lime, moroury and calcium sulphide and iulphato are ftwintdl, 
4HgS4-4CaO=:4Hg>l- 3CaS + CaSO^ On being heated in th© »lr« «f 
roasted, the sulphur burns, oxidises, forming sulphurous s»hytirW% 
and vapours of metallic mercury are fonnwl Mercury ia e«ily 
distilled than all other mobils, its ladling point l>eit)g alwut 3r»r*. and 
therefore its separation from natural admixturt‘s,dr*t'amjw»*t*ii tjy nnn wf 
the above-mentioned methods, is eO'ertod at the pxfwnw wf a 
paratively small amount of heat. The mlxtv»r«!i «f WBreury 
air, and products of combustion obtained ia oooitd In tttlm (hf 
or air), and the mercury condenses as liquid metaJ 


easily in a strong boat than the throo firiwndling metals, «,n4 tine. «4s«isim, «i»4 

molt still more easily Nirkol, imlltnliMm, ami platinum 

copper, silver, and golil are nioro volatile; and ainr, l ailtriinoi. an. I •u®j. jstj 

the most volatile motals. S’lino oxidinoa moro easily tlmn ■ sisi4 »» i i ^ 

more dilTloulty, and the saino In trim /or merrury a» roinj^je,} »i8li *• .! I if c** | 4 (,». 

perties for cadmium and silver are iiitenmHlJaU* in U«» reej«, ti»p ?-,a ,4 

this kind clearly show tho nature of the iwrimlio law 

** Thus thoJlium, lead, and biarntilh, /olluwtng tnereufj S,... jiMij- 

weights, /oim, be£ae* compounds of Um hlgh»t tyj*#. TiX,j. w»4 flsl*. 

Sower ones TlX, PbXg, and BiXx. 



Iu3 spuuiuu ^lavAujr jia * 4 * v**v ww4*v» kiwwwv «»v — *v *u 

14-39.‘® Mercury does not change in the air—that is to say, it does 
not oxidise at the ordinary temperature— -but at a temperature 
approaching the boiling-point, as was stated in tho Introduction, it 
oxidises, forming mercuric oxide. Both motalUo mercury and its 
compounds in general produce salivation, trembling of the hands, 
and other unhealthy symptoms which are found in the workmen 
exposed to tho influence of mercurial vapours or tho dust of its com- 
pounds. 

As many of tho compounds of mercury decompose on being heated 
— for instance, the oxide or carbonate — and as zinc, cadmium, copper, 
iron, and other metals- separate mercury from its salts,'*’ it is evident 

pxodvioe such a mercury jpotudar, Tho mercury soparatod (for inatanoo, reduced by aub- 
etanoea like aulphuroua anhydride) from aolutiona, forma Buoli ft powdor. According to 
the experimonta of Nornat, thia diaintogrfttod moronry whon entering into rooctiona 
develops more beat than tho dense liquid motal—tbftii is to say, tho work of dislntegra. 
tion reappears i i tho form of boat. This oxamplo is Instructive in oonaidorlng thermo, 
chemical doductions. 

Mercury may somotlmos bo obthinod in a perfectly pure state from works (in iron 
bottles holding about 85 kilos), but after being used in laboratories (for baths, calibration, 
&o.) it contains impurities, It may ha pnriflod meclianioally In tho following way : a 
paper filter with a fine bole (pricked with a noadlo) is placed in a glass funnel and mer- 
cury is poured into It, which slowly trickles through the hole, leaving the impurities upon 
the filter. Sometimes it is squeezed through ohomoia leather or through a block of wood 
(aa in tho well-known experiment with the air-pump). It may be purified from many 
metala by contact with dilute nitrio acid, if small drops of mercury are allowed to pasa 
through a long column of it (from tho fine end of a funnel) ; or by shaking it op with 
sulphuric acid in air. Mercury may bo purified by the notion of an eloofcrio current, if it 
ho covered with a solution of HgNOj. But tho oomploto purification of mercury for 
barometers and thermomotors can only bo attained by distillation, beat in a vacuum 
(the vapour-tension of raoroury is given in Chapter 11., Note 27). For this purpose 
Weinhold's apparatus is most often used. The principle of this apparatus is vary 
ingenious, the distillation being effected in a Tondoollian vacuum oontiauously supplied 
with fresh meroury, whilst tho condensed mercury is continuously removed. Tills 
process of distillation requires vary little attention, and gives about one kilo of pure 
mercury per hour. 

If the volume of liquid meroury at (Pho taken as 1(100000, then, aocordlng to the 
deteTminationa of Regnault (re-oaloulatod by me in 1876), at t It will be 1000000 -t-lSO'lf 
+ 0-02e>. 

All aadta of mercury, when mixed with sodium carbonate and heated, give moronrouB 
or raorcurio carbonates ; these decompose on being heated, forming oorboulo anhydride, 
oxygen, and vapoura of meroury. 

18 Spring (1888) showed that solid dry HgOl is gradually decomposed in contact with 
metallic copper. According to the determinations of Thomsen, tlic formation of a gram 
of mercurial compounds from their olomenta develops the following omonnts of heat (in 
thousands of units): Hga-i-0, 42; Hg-fO, 81; Hg-tS, 17; Hg+Cl, 41 ; Hg-tBr, 84; 
Hg+I, 24; Hg-i-Ola, 68; Hg+Brj, 61; Hg + Ij, 84; Hg+CaNj, 10. fi^ese numbers 


th&t niorcury has loss dhouiioal onorgy than fcho ^In^dly 

described, even than zinc and cadmium. Nitric add, when actiof on 
an excess of mercury at the ordiAary terapemture, givm merettroiii 
nitrate, HgNOg.*® The same acid, under the influenea of bi*l afld 
when in excess (nitric oxide being libaratotl), form* ro«r«rio 
nitrate, Hg(N 03 ) 3 . This,*® both in its com|Mwit{on and prti|«’rtip% 
resembles the salts of zinc and cadmium* Dilute Hulphurit’ arki 
does not act on mercury, but strong aulphurio acid diwdve* it» w^lJi 
evolution of sulphwrom anJiydrids (not hydrogen), and on being riighiljr 
heated with an excess of mercury it forms the tparlugly iolttW* »#t» 
curous sulphate, HgjS 04 ; but if mercury be ttrott|ly Imlrf wtlli a* 
excess of the acid, the merourlo salt, HgSOi,*' is formwl. AJkalii do 
not acton mercury, but the non-metals olilorin©, bromine, sulphur, a#»tl 
phosphorus easily combine with it, They form, like the arid?!, two »jrieg 
of compounds, HgX and NgX^. Tho oxygen cdinimujid «»f the first 
is the suboxido of morutiry, or rnorcurutm oxid«', and «»f 

second order tho oxicio llgO, mercuric oxide. The vhlorint* vcnnixmJHi 
corresponding with tho suboxide la HgCl (calomel), and with lb# ««t4# 
HgCIj (corrosive sublimate or merourlo chloride). In th» 

HgX, mercury roaemblea tho metals of the llrit mA mm> 

especially silver. In the roorourio eompound# them Is *« 


are lesa than tho corrosponcUng ones for potawinm, wnliam, Wri«w. aw.1 f*# 

Bine and oadmium— for InaUnoo, Zni4 0, B6; Zb + C1», 01) |»i 

Cd + CIa, 08; Cd + Brg, 7S; Cd + Ij, <tD. 

>0 This salt oasHy forms tho orysWIo.hydralo wtA 

nitric acid, H3NO4 (tho terras ortho-, pyro-, and mota.oi'Kk ftiro »sj4iw»p.} in sh» 
on Phosphorus), with tho Bubstitutton of llg for H. In ou tisi* «»« 

only bo preserved in tho presenoo of /r«« maroary, otJwwl** ft Uwm« «* f»8**t 

will he mentioned hereafter (Chapter VI., Note g,e). 

*® Moroorio nitrate, HgiNOjltiSH^O, eryeWUiws tnm a 
oury in an excess of boiling nltrie ocia. Water tempom Ihla «i ^ 
temperature crystals of a baste salt of the eomposittea KiCK0s,V«^hitM) « 
ond with an excess of water the insoluble yellow htdte 

throo_ salts correspond with the type of orlho-nitrie ootd, In whkh m 

substituted for 1 , a and 0 times H3. As all Uiosn «alt« still rowtAlti « »» 

corroHpmul willi the tetriUiyarat««Nj,0,+ 4 lt,p- if 
ooid o NA + BHaO - 2N0(0II)3. 

« To obtain tho mernurio salt a krg« vxo„#b of eri,! r.,,..,,* I, r„4« 

And etrongly hoaiotl With ii Hmdl gufuiUty ^ ,ll i| 

may be obtained. An exoass of water, ospooWly wlwa WbM. i 3 »« 

^^8B04,9HgO, whloh eoiWBiKmils with tr»hyd[f«l#*l w *r.s4 m k ^ ill J| 

«S(OH),, ^th the BubsUlution of H« by iSHg, wWrh m UmtmimimA rn 

Hj. Lo Ohatelier ( 1808 ) give# the foUowing ratio iJb* ^ ». »- 

per litre : 


mercury), HgX, forrhs a white precipitate of calomel, HgCl, with 
hydrochloric acid or a metallic chloride, because HgCl is very slightly 
Soluble in water, HgX .+ MCI = HgCl -f MX. In soluble mercuric 
compounds, HgXQj hydrochloric acid and metallic chlorides do not 
form a precipitate, because corrosive sublimate, HgCl2) is soluble in 
water. Alkali hydroxides precipitate the yellow mercuric oxide from 
a solution of HgX,, and the black mercurous oxide from HgX. 
Potassium iodide forms a dirty greenish precipitate, Hgl, with 
mercurous salts, HgX, and a red precipitate, Hgl2, with the mer- 
curic’ salts, HgXj. These reactions distinguish the mercuric 

from the mercurous salts, which latter represent the transition from 

The question of the' molecular weight of calomel — that is, whether the mercury in 
the salts of the suboxide is monatomic or diatomic— long occupied the minds of chemists, 
although it is not of very great importance. It is only recently (1894) that this question 
can be considered as answered, thanlm to the researches of V. Meyer and Harris, in 
favour of diatomioity— that is, that calomel is analogous to peroxide of hydrogen and 
contains Hg^Ch (like O^Hj) in its molecule if corrosive sublimate contains HgCIj 
(like water OHj). As a matter of fact, direct experiment gives the vapour density of 
calomel as about 118 — that is, indicates that its molecule contains HgCl, whilst the 
molecule of the sublimate, judging also by the vapour density (nearly 180), contains 
HgClj ; it might therefore he concluded that the mercury in the suboxide is not only 
monovalent (corresponding to H) but also monatomic, wbUst in the oxide it is divalent 
and diatomic. Instances of a variable atomicity, as shown by the vapour density, are 
known in N3O, NO, and N^s, CO and COj, PCls and PCI5, and it might therefore be 
supposed that the present was a similar instance. But there are also instances of a 
variable equivalency which do not correspond to a variation of atomicity — for example, 
OHj (water) and OH (peroxide of hydrogen), CH., (methane), CHj (ethyl), and 
CH2 (ethylene), &c. Here, according to the law of substitution, the residues of OHj and 
CBL4 combine together and give molecules; OHOH ^ O2H2 (peroxide of hydrogen) and 
CH3CH3 = C2H8 (ethane), &o. The same may be assumed also to be tho relation of 
calomel to sublimate; the residue HgCI^ which is combined with Cl in sublimate, 
corresponds to HgCl2, and in calomel it may be supposed that this residue is com- 
bined with itself, forming the molecule Hg2Cl2. On this view of the composition of the 
molecule of calomel it would follow that in the state of vapour it breaks up into two 
molecules, HgCl2 and Hg, when the vapour density would be about 110 (because that of 
sublimate is about 186 and that of mercury about 100), and that in cooling this mixturo 
(like a mixture of HOI and NH,,) again gives Hg2Cl2. It was therefore necessary to 
prove that calomel is decomposed in the state of vapour. This was not effected for a 
long time, although Odling, as far back as the thirties, showed that gold becomes 
amalgamated (i.e. absorbs metoUio mercury) in the vapour of calomel, but not in the 
vapour of sublimate. Beoently, hoTjever, V. Meyer and Harris (1894) have shown that 
a greater amount of .the vapour of merouiy than of calomel passes (at about 465°) 
through a porous clay ce^l. Containing calomel. This proves that the vapour of calomel 
contains a mixture of the vapours of Hg and HgCl2, as would follow from the second 
hypothesis. Moreover, on introducing a heated piece of KHO into the vapour of 
calomel, Meyer observed the formation, not of suboxide (black), but of oxide of mercury 
(yellow). Therefore the molecular formula of calomel must be taken as Hg2Cl2 (and nob 
BgOl). 



by many reducing agents — for example, liypophosphorous aoid, the 
lowest grade of oxidation of phosphorus, by sulphurous anhydride, 
stannous chloride, &o. Under the action of those reagents the 
mercuric salts are first transformed into the mercurous salts, and 
the latter are then reduced to motallio mercury This reaction is so 
delicate that it servos to detect the smallest quantity of mercury ; 
for instance, in cases of poisoning, the meroury is detected by im- 
mersing ft copper plate in the solution to be tested, the meroury 
being then deposited upon it (more readily on passing a gal- 
vanic current). The copper plate, on being rubbed, sbows a silvery 
white colour ; on being boated, it yiolila vapours of mercury, and 
then again assumes its original rod colour (if it dooa not oxidise). 
Tho morcunms ootnjxjundH, llgX, under the action of oxitUeing 
agents, ovon air, pass into mercuric compounds, ospocially in tho 
proHonco of acids (otherwise a basic salt is produced), 2HgX4-2HX-hO 
»2ngXa4'naO ; but the merourio compounds, when in oontactwith 
mercury, oliange more or lew readily, and turn into mercurous com- 
pounds, HgX§-hHg55B2IlgX. For this reason, in order to presorvo 
solutions of mercurous salts, a little mercury is generally added to 
them. 

The liivvoHt oxygon emupound of mercury— that is, m«rct4ro«8 Oand'a, 
HgjO tIooH iu>t seem to oxist, for tho suhitance precipitated in tho 
form c)f a black iimaa by tho action of alkalis on a solution of mer- 
curoua salt* gradually separates on keeping into the yellow merourio 
oxids and metallio mercury, aa does a4*o a simple rooehanloal mix- 
ture of oxide, HgO, with merouiy (Guibourt, Barfoed). The other 
compound of meroury with oxygon l« already known to u» as trmrmrio 
HgO, ahtainod In the fenen of a red crystalline substance by the 
oxidation of mercury in tho air, and precipitated as a yellow powder 
by tho action of amlium hydroxidn on solutions of salts of tho typo 
HgXa, In thill oaim it ia amorphous and more amenable to the 
action of various rtjagtnite (Chap. XL, Note 32) than when it is in the 
oryitallino itate. Iiuleotl, on trituration, tho rwl oxide h changed into 
n powder of a yellow colour. It k very sjiaringly folubl® Jn wate*, and 
form* itn alkaline toluiion which precipitate magneria from the solu* 
lion of iti Mtlte. 

Mercuiy Mtohlne* directly with ehlorine, and dhe first product ol 
^wmbiimWon !• e«dmmi or nmrmrms chhrid$t Hf #01^. This it obtainedi 
m stated, to tb© f«m of.© white prfoipiteto hy mixing wlo- 


ous anhydnde. It is likewise pfoduced by beating corrosive subli- 
mate with mercury. Calomel may be distilled (although in so doing 
it decomposes and recombines on cooling from a state of vapour) its 
vapour density equals 118 compared with hydrogen (=s 1) (see Note 23). 
In the solid state its specific gravity is 7'0 j it crystallises in rhombic 
prisms, is colourless, but has a yellowish tint, turns brown from the 
action of light, and when boiled with hydrochloric acid decomposes' into- 
mercury and corrosive isubh'mate. It is used as a strong purgative,' 
Corrosive sublimate or mercuric chloride, HgClj, can be obtained from 
or converted into calomel by many methods.** An excess of chlorine 
(for instance, aqua regia) converts calomel and also mercury into.corro* 
sive sublimate. It owes its name corrosive sublimate to its vola- 
tility, and, in medicine up to the present day, it is termed Mercuriui' 
mblimatus seu r corrosivus. The vapour density, compared with hy- 
drogen ( = 1) is 135 therefore its molecule contains HgClj. It forma 
colourless prismatic crystals of the rhombic system, boils at 307®, 
and is soluble in alcohol. It is ' usually prepared by subliming ft 
mixture of mercuric sulphate with common salt, HgS 04 + 2NaOl 
a=Na 2 S 04 + HgClj. Corrosive sublimate, combines with merourio 
oxide, forming an oxychloride or basic salt,*®’’** of the composition 

Calomel (in Japanese * £eylan ’) has been prepared in Japan (and China) for 
many centuries, by beating mercury in clay crucibles with sea salt, which contains 
MgCIj and gives HGl. The vapour of the mercury reacts with this HCl and the oxygen 
of the air and forms calomel : 2Hg + 2HC1 -i- O = HgaCIg + HgO. The calomel oolleota 
on the lid of the crucible in the form of a sublimate (Divers, 1894). 

*3 HgClg is partially converted into calomel even in the act of dissolving-in ordinary 
water, especially under the action of light. 

*5 bu feebly energetic bases (for instance, the oxides MgQ, ZnQ, PbO, CuO, AbOj, 
BijOs, &o.), mercuric oxide (see Notes 20, 21) and mercurous oxide easily give basic salts, 
which are usually directly formed by the action of water on the nomxal salt, according 
to the genial equation (for mercuric compounds, BX^) : 

«RX, + wHjO = 2‘mHX + (n-m)BX2W»BO 
neutral salt water acid baalosalt 

or else ate produced directly from the normal salt' and the oxide or its hydroxide. Thua 
mercnrous hitraio, when treated with water, forms basic salts of the composition 
6(HgN05),Hg20,H20, 2(HgIf0s),Hg2O,Hj0, and 8(HgN05),Hg20,H20, the first two of 
which crystallise well. Naturally it is possible either to refer similar salts to the 
type of hydrates — for instance, the second salt to the hydrate NijOj,4HaO — or to view 
it as a compound, HgNOjjHgHO, but our present knowledge of basic salts is not 
sulEciently complete to admit of generalisations. However, it is already possible to 
view the snbjeof in the following aspects : (1) basic salts ore principally formed from 
feeble bases: (2) certain metals (mentioned above) forfn them with particular ease, so that 
one of the causes of the fqrmation of many basic salts must depend on the property of the 
metal itself , (8) those' bases which readily form basie salts a's a rule also reod^ form 



general, with both mercurous and morourio salts, there is a marked 
tendency to form basio salts.®'' 

Mercury has a rtnnarkablo power of forming very unstable com- 
pounds with nmnionia, in which the mercury replncos tho hydrogen, 
and, if a morcurio compound bo taken, its atom occupies tho placo of 
two ■atoms of tho hydrogen in tho ammonia. Thus Plantamour aud 
Hirteei showed that praoipitatid morourio oxide dried at a gentle 
heat, when continuously heated (up to 100®"150*) in a stream of 

dwbh Mdk i (4) in th@ formation of badlo (v« also mrywhero in ohomlatry, wbm 
nnffldmt futs have noonmuktod, wo okarly He« ih@ oonditlono of equally boknoed 
hokrofonoouM eynknu), huoU m wo uw, fur insUnw, in the formation of doable soJita, 
crystal io-hydrak)«, &e. 

Tim incrcurit; wiUh nften form thmlih' iittUii (roiiilrming the third Uu!Mi»),ftnd nieraurlo 
oldoriilo iMuiily ciuuliituHi with ainnioiiia, funning lIsiNHiljtUti or In Konoral liKCbnMCl, 
If a mixture of niert iiii'inj and i><.l»ii)»tiiun enliOiutew be (liwadvinl iniUhiUt Bnl|)hnrio ftcid, 
Uni mihitieii eiuiily yii tlii large cideurleiie cryetoie of a deublo nail of the eanumition 
K.,H 04 ,aHgfit)„uHj( ). Bttulky iibtain«l eryslaUino etmijKiundB of inisronrie chlHride with 
hydrochlnnn arid, mid uuTcurio ifniitiw witli hytlriwUe acid } ftiul Thomiwn dwteribeii tha 
oouuiounti Ugl>rj,,UL>r,4H^O u a welboryuUUiMd Mlt, m«lUns at IS*’, and having, in 
a moltw) fttak, a RpMiflo gravity S'17 tond a high indea of refrootion. Morwver, the 
eaiwMsifcy of sails for farming l«ie eom|x)«ndBUtwb«eae<m»ldefftbly ©kartd up dnw th« 
investigation (by Wtlrlg, I^oreti®, and oUuot) of Klyeol, (wtd of polystomk 

doehek reHombUng ill, htH’ftUWi tbn etlmre (IvlliXj, corre»i«mdlttg with it, are cajjabk of 
forming ctmuminuU nmtaiiiing tblbX^nlljHiO. 

On the ether bund, there is rra.»«iti to think that tho proi«*rty of fofmingbaaw salta l« 
wmwtwl with the iwlymiriBatitin of !»»#», osfux'idly wlloidal onw {«« tl»« clmptor 
m Hilicii, IrtiRnl Hsilta, und TuiigNlm Acid). 

w Mercuric iidide, llgl.,, koUlalnwl first ai*aydkw,mftd then m a red, jn-oeipltaki m 
miski; wlatbnw of merenrie wdtfl and |»U«»ittm lodida, and is sdubk in on «»«« of tb« 
kltef Ck «m»«qneBM of ihs fctrmation df tho dbubk wlb HiK%} ; of amtmUumddoiMo 
(ter «k •tailwr reowm), *e. It orysldlkw Hkt Um odUnwry t«p«»k« to squiuw prlwai 
of «. wkar. On bdii«kMl^te«ehae««totoydlowcliombtoety»tok,tmMniAM» 
with weronri© ohterWk. ThI* y«Uo» ifem of Mrwto Mlto i* very nnataM*, wd wk» 
eooW atul triturstcHl «*41y ftjjain Lb« mor# atobk J»d term, Wbon foiled, a 

yellow ti<niid In jibtsiried. Mvreurit' eitttnule, Hg(CNbt forms ono of tho most stoblo 
melallie ey«nid»ij, it i(» idiUined tiy diswdving ttmreurk' exick to pruMW acUl, and by 
keleig I'siiRnein liUie wilh water and tnen tttio exide, ferrle oside k'iug Uum tjbtdtn»d to 
the j>r»‘t qetrtle W<'t» uric eymihle to a f,d«»urle»H cry»itiiUine ftubstanee, wdoblo in wator, 
and dmliiigmahwl by ita fctabdily; Bulphurto arid d»K-« imt tik^rato prawin acid 
from it, and even e^uslie icdwah dues not r#fiw»va the cyani^eM (» 6etit{dex tail to 
Pfobal»ly prwtueed). test the l*al<^esi aewli diwugage llt'H. Irtko tS» chkilidB, it 

W»«« With wwretMranta toe, hirmtOj? the lliitHtlNkiond Itrfwwsa wry (wlicd 

teB4»*!y h* ftirw tkuhk fvmjwmwk—ft# einwttpk, Kjlfg{CN|*, Tb« adhali ohJtoridMiind 

Wbl«« f«m wwikr r-s>rit|«mwl»— f«r the ^tlfg KlCCH)f cayitehitw wtf 

and i» fftwIuriBd by dtwtl| «n*irtf tedMlteas oi Wlifc orf Stewart# 

W#lto (iwisi) «inl V«r» wd tov#*tigii,te»i »wy nwA dai#Mil iott*, iho*«4 

tto ]p**»hd«ty t*i ilw fwrt*4B.Up*i, s»»t t*d| «f ilgClfMCl 0*4 wh«t# M to a 

of lb» atkal»-" tef Cir—bnl «1»» t»f wrf ia 


<lrv ammonia, leaves a brown powder of nu^rcuria nitride, NglTga, 
according to the equation SHgO-l-SNira—Nallga + SiraO.®^ ^ Thi* 
substance, which is attacked by water, acids, and alkalis (gmng a 
white powder), is very explosive when struck or rubbed, evolving 
nitrogen, proving that the bond between tho mercury ami tho nitrogen 
is very feeble.=>« By the action of liquefied ammonia on yellow merourio 


w ti* See Chapter XIX., Note 0 big : HgjPg. In alnaylng Uw m«>WUo nitridei it it 

neoessory to keep tho corresponding pbogphldee in mind. 

HffxNa IS Buullar in ooniposition to Ao. (Clmptor XIV.) Th«s rwlmw with 

which morourio nitride explodes shows tlmt th« (soniiMtimi twtwwn Itw mtntgm 
and the inoroury is very unsteblo, and expluina Um oireHTOat«.n«« tlwl th# w 
mercury fulminate, or fulminating mercury, ia an oxtwwlingly 
This substanoo is prepared in largo quanlitiea for oxploaivo mixttir«« ; It ink. tb# 

composition of porousiion caps, whidi explode when Btruch, awl («nit« gMni«.wd»r, 
Moronry fulminate was disooverod by Howard, and from Uwt time ha« t*#eM j»rep«rwl In 
the following way! ono port of meromy is dissolviMl la tw»lte parts kI niUte acid, t>f 
sp. gr. l‘8e, and when the whole of tho miavaiy Is di»sobi«l, 6 S parts «>f w p e. 
ate added, and the masa is ahaken. A reoetiaa then mmmemMs, ftcwwi«Mri»,l by a riM In 
temperaluro due to the oxidation of the aleohol. As a matb.r r.f far t, marry r-xideten 
produota are produced during the action of .the nitrie arid b« the ak«h»4 {glyridlie acid, 
elhera, &o.) When the reaction beeomea tolerably vigorwaa, the qnirnmy *4 akwhol 

(a added aa at the oommenoemont, when a gray preripitale <4 tW falminale rwtswal®*. 
This salt has the composition CjHg(NOa)N. It explodes when sbrHck <w beaM. The 
moroury in it may be replaoed by other metale-* for Iwtwsf#, wpp»r of Bir»«\ mol «d« 
silver. Tho silver salt, C8Ag9(N08)N, ia obtained in a jmwieely (a»sils^‘«tts mmtm, and to 
even more explosive. Under the aotion of alfeaU ebbtile#, only half Urn rtlvor i* 
by the alkali metal, but U the whole of the rilw be wplw'wl by ai» alkali Own 

tho salt decomposes. Thla is evidently beoattse wmbinattons of ihuhind piw«««l in vtfis» 
Of the formation of substanoea In which morcttiy, and metals akin !« it, »w 
in an unstable way with altBpogen, PotaBalnm end llfbi nwtels «rf 

entering into each oonnectioa and themfora, the suMltition <4 h>t mmrmrf 

entails the aplltting-up of the oombinatkm, Inveelifsitons ©f ih® fulwiiwW* m*m 
carried on by Gay-Imssae and biebig, bat only th# oi I*, ftf. Iihl*l»h.^ 

fully cleared up tho oorapoaltion and relation of Unsin aabalaiiw* t*» Iha ftliwt 
compounds. SWsliltoff ahowecl tliat fttlminatse wrwipmsl wish iim 
CjHjfNOjlN. The explosiveness of the gTwopde{»»«d» partly on «llhi* mtm 

time NOa and earboni w# ^ady know that all imeh »ltfng#» et:sisp»*»4# mm 
If we imagine that the NOg Is repk«d by hydns^isn, w# AaU h«r« * *4 8h« 

oomposltion OaHsN. TWa to awteBltrOa^'-tbiit to, awito »I4 # Mih - m 
i^trfle, aa shown fn Ohaplw VL tosattes ^ aa awite «i«ps«»4 hf ih» m%km i4 

nitrie aotd eat 'ideohol to ewiy uadwatoed, he®a«» kM i* pB.4«e»4 fay t.lw e«-4*. 
tion of ftlitoli^ and tepoduoMon. of of tm m 

leiEadatteia'ef to ae«i»»Wl by tho fa«l itad mk »i4 i»4»f ife« m-Utm dl 
tedueltjg subvtmw hi rnwy eoiw farm wiwuiJa. mrnmmt m l»« 

be^-fooBd heiwMffl' fnitottiaattog arid and hfdr«iylairt»i, i«t ^omAh 8|*i« m* »*%, 
jeot must- be looked to to works « w'pmfo ehawslty. «ipii^»»tw« »»f f«lsai«M»iit« 

mercury, toe rapidity of Its dwomporiMon »*« b«i 


A iolution of ammonia reacts with mercuric oxide, forming tho 
hydroxide, NHga’OH, to which a wholo series of salts, NHgjX, corre- 
spond j theso are general ly insoluble in water and capable of decom- 
posing with an explosion. But salts of tho saino typo, but with one atom 
of mercury, NHaUgX, are more frequently and tmm easily formed ; 
tirey were principUly studied by Kane, although known much earlier. 
Thus, if aramonia be added to a solution of corrosive sublimate 
(or, still better, in reverse order), a precipitate is obtained known as 

white precipitate (MerouHm pi'cedpitatus albua) or mermrammonium 

ddofide, NHallgCl, which may also be regarded not only as sal-ammonioo 
with tho substitution of by mercury, but also ns llgX.j, vvhei'e 
one X, roproKcnts 01 ami tlm other X rt^presents tho anmi-ouia radicle, 
IJgOLj + * 2 X 113 == NH./IIg(.!l + When heato.l, morcur- 

anummium chloride decomposes, yielding mercurous chloride ; when 
heated with dry hytlroehluric acid it forms nuuuoniuui chloride and 
mercurio chloride. Other simple and double salts of mercurammouiuro, 
NH^HgX, are also known. Pici (1890) showed that all the oompoundi 
HglltNX may l )0 regartlod as compounds of the above-named Hg^NX 
with NII 4 X became their sum equals yUgHaX.^*'^^ 


tlut Alifl tisjiliiiim tliit. liy MUiifKitsiiij? Uml Ui«' t<5£nUminu ttf IJu' fuhnijialing 

briitRB Uia imilwuU'ti t(f giincolton iitlt* a unifitrm cr an il wms hamamitiua Blal« of 
vtltraliini, wtiirU cawiwH U«o raitiil uf tho whrihs iiiawti. Thin rapid deeom- 

^Hiailiciu ii( pxiihmivB aijIiBlaticrM (hdlnrm Ui« diftUiu'titm IwtWBSti esjiloaion and com- 
liniaUoM. Besidoi thin, Xlurtlielnt almwed that from Uiat form of powerful nwleculwf 
whtoh Uk«a plan* during th« •xploairm of fwlmlnatlng mepouiT, th® state 
of atmin and atafaility of «qalUbriam of «altwlaan«s which are ondolhirmal, or capable 
of d#eonij»oa{.ng wilhUiedliengafamewtof boat— for ioitiinea, cyanogen, nit» compound#, 
ttltr»»ui osidft, penwany destroysd, Thnrpn »how«d tlmfe carbon bkttlpWdc, C8<j[, 

uXm an ondotliormal nuhatance, dammttoH^ into aulphur and charcoal, when fulminating 
inercnry i« expUidcd in conUtd with it. 

fur rc'jilrtriiig hydrupru in rhlitsidu of aiuinnniutn by metala ala© 
iK'lntipw t«i ‘/,ii itiid (’ll. KvBBthk (IM'.I'J), hy tli« ai linn i.f atimn'tiia ujuin »h "h<ilu' wda* 
Utnm uf t'dt'lj and /.nC!li, uhlaiticd niihatanccauf thn ppHcral funtnila MfNIlst'l),, funned 
M It w«ir« friiin twti inulwvilea id nal ammuttlM hy lht> ftuhBliluliun uf two atuiiiB td 
hydt«»g«n hy a ihaUiiuto itiplal. Tlwan auhotatuoa ajijH’ar aa v>hiU', hiuly cryntalliae 
powdora. Unihr lh« arliun «if beat ImU ilic annnunt* {»»>!«'» uff, and a ctnntwund of Ihi 
MClNHit'l ia fcimwl. The cnmjwuudBof ca«lmittw awl tine awdlstiaguiihed 
tnm wteb other by tb« former iMilnp ««m«» toklib Uian lb« latter. 

We may further remark that m the a«ric« Mg, En, Cd, and Hf Uw rapaelly lo fa«i 
dmtbk KiUa of dirwao lncf»f*wa with the alowie woigha ThB%Me«fdtHgle 

Walk and Walrkn’n uhaervationsi (Wa|, tlm ratio n i » f«r tb® type wMClmlW^ 
(M-K, li, Ka , . . Ii» Mg, ‘In , , , H» i'or Mg 1 ; 1, for E® ii 1, 9. 1, «»d 1 J 1 ; let 
04 btsidM ihj% baits Me known with the ratio 4: 1, ud forUg 8: 1, 3 : 1, 1 ; l,i: &, 1: 

..uJl % . ■ 


fomation of these soliutions is often acoompamed by tho davolopmeafe 
of a large amount of heat—for instance, when potaraium and icKnutn 
are dissolved (Ohaptw XTI., Note 89) ; but sometimoi boat is ftbsorlHKl, 
as, for instance, when lead is dissolved. It ia evident that phenonunm 
of this kind are exceedingly similar to tho phenomena acc«>mpanyin| 
the 'dissolution of salts and other subatancea in water, but her«^ it » 
easy to demonstrate that which is far more difficult to obiwrvo In tins 
case of salts : tho solution of motak in mercury is nocom|mni«l by the 
formation of definite ohoraioal compounds of tho nn'rcury with the 
metals dissolved, This is shown by tho fact that when prelt^ilHi (b’lst 
of all in chamois leather) such solutions leave wdid, definite mstn- 
pounds of mercury with raotaUi. It is, however, very diffioult tt» obtain 
them in a pare state, on account of the difficulty of 8«»paratin|f tho last 
traces of mercury, which is moohanicolly dbtributeti between th§ 
crystals of the compounds. Nevertheless, in many emm mwh com- 
pounds have undoubtedly boen obtained, and their existtmcfflt h 
clearly shown by the evident orystalline structure aiui charactorktio 
appearance of many amalgams Thus, for Ins^rice, if about 2| p e, of 
sodium bo dissolved in mercury, a ha»^, ciystallinB amalgam is nbtainmi, 
very friable and little changeable in air. It oontains the wmjKiutid 
NaHgj (Chapter XII., Note 39). Water fl»woropo(M» it, with the evolu- 
tion of hydrogen, but more slowly than other sotlium amatgamo, wnl 
this action of water only shows that the bond between the 
and the mercury is weak, just like the oonneetion h#twe«n mercury 
and many other elements— for instance, nitrogen. Mereury tUm?t!y 
and easily dissolves potassium, sodium, line, cmdmium, tin, jpbl, 14*. 
muth, lead, <Sto., and from such soIuUans w alloys it i« in mmi msm 
easy to extract definite compounds- thus, for initanw, the 
of meremy and silver have the oomposittons HgAg awl Aisllgj. 
•Objects made of copper when rubbed with »erew.ry «iv«rwl 

with a white ooaMng of ^at metaJ, whi^ atowly tomi m amalfitw j 
silver acts ih the ume way, but more riwly, and plaiinua mhlnm 
with merenty with still greater difflo^ty. Thk wily wmilily 
forms an amalgam when in. the form of a fine powder. If «it« ©I 
platinum in soktloa are poured on to 'on amtlpa irf wdiuw, tli« 
latter element reduces the pktkum, mA ttt ^iawa li 

disMlved by the mercury. Almost all m««i iwdily f«w 
if their solutions are decomposed by a pdvwfc e«rw»^ wli#» »»f. 
e%^., forms the negative pole. In thk vmf an wm 


glauB by drnply pressing by meohanicaJ means sheets of tin foil bathed 
in merouiy on to the cleansed surfaoe of the glass.^^^ (Sm *The 
Nature of Amalgams/ by W. L. Dudley ; Toronto, 1889.) 

•* 1 oontlder it appropriat® here to oali attention to tho want of an element (eka- 
eaSmlam) between cadmium and mercury in the periodic system (Chapter XV.) But as 
in the ninth nerien there is not a single known clentcnt, it may bo that this eeriee Is enUrely 
oompoftcd of elements incapuldo of exhtting under proscmt conditions. Ilowovor, untU thia 
is proved in one way or another, it may bo concluded that the properties of ekoondmlum 
will bo botwoon tbmie of eadtniutti and moroury, 1 1 ought to have an atomic weight of about 
IB0, to form an oxide EcC, a sligbUy stable oxldo EfJjjO. Both ought to be feeble baseo, 
©adly forming double and baulo salts. Tho volume of Uto oxide will be nearly 17'6, bcoanaa 
the volume of oa<lmium oxide is alrout 16, and that of mercuric oxido 10. Therefore th« 
density of the oxide will apiiroaoh 171't’17'B*»0'7. The metal ought to be easily fusiblii, 
cnddislng when heated, of a grey odour, with a spedflo volume, about 14 (eadmiim^ld, 
mereury »18),aBd, ytierefom, Its speeifle gravity (165+14) will nearlywll. Suehametdk 
unknown. But k 1870 Bald, in Norway, diacovered in tho Island of Oterti, not to hum 
KragcrB, In a vein of Iceland spar in a niokel mine, traces of a new metsJ wW A he »lled 
norwegium, and which presenkHi a oortain wetetnblanee to okaoadmlum. Pweot parity 
of tho metal wan not attained, and therefore tho properties asorilwd to norwegium must 
be regartlod ns approximaki, and likely to undergo ocmsiderable alksration on further 
etttdy, A solution of the wtaatetl roinw^ in acid wae twice pr«*oipitated by sulphuretted 
hydrogen, and again Ignitetl ; tb« oxide obtained was easily reduced. When Urn motal 
was dissolved in hydroeUloric add largely diluted with water, wul the solution boilodi tb« 
baste salt was predpitated, ond thus freed hros the eojiper whJoh mn^ed In Hie solu* 
tim. The reduced metal had a density 9*44, and esdly oxidised. Xf theeompwiMonNgO 
be aesiipfmd to the escide, tb«n Ng «»145’9. It fused at VMP •, ^ hydroadd* wm i^ubl® 
In alkalis and potasdum earlxmate. In any ease, if marwegittm ia n^ a mUdure of other 
metals, It belongs to tho anovan series, beeauw tiie heavy meWs of the even series are 
not oadly redudble. Brauner thinks ^at fwarweffinm arid* ta Nf,0», rise Nf <» tl9» 
snd plaocs it in Untup VI., series 11, but than dm feebly add higher oxide, NgO|, ought 
to l» (iirtiKMl 

Amongst Um mcU-ls aiK'oint>anying sine wbidi have Immmu named, but not awthonk* 
eally sejmraWd, must be indtideil the of I’hlpwin (IWl). ile remarked 

that lartain aorls of sine give a wlute pracipitsU^ «d suw sulpludc wbmb Idacketiw w« 
esp«»Mrc Ui light ami then l«*contes whiUi in the dark agaitj. Its oxlile, oltwsly r«> 
iambllnf In many cmlmiam «»sl«le, is Insolnblo in alksHa, and Jt fiwm* a whit* 
««lpWd», blawkening on w{*o»ar« to light. As no furftw BWMWton iM® b*s» 
iiadu «l It <^om IM, ite exialwiw mnst be r^^ardwd m douMui 
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PKINCIPLES OP CHEMISTKy 


CHAPTER XVII 

BOEOK, ALU?IINIUM, AND THE ANALOGOUS METALS OP THE THIRD 

GROUP 

Jp the elements of small atomic weight which we have hitherto 
discussed he placed in order, it will be clearly seen that, judging 
by the fonnulm of their higher compounds, one element is wanting 
between beryllium and carbon. For lithium gives LiX, beryllium 
forms BeXa, and then comes carbon giving CX4. Evidently to 
complete the series we must look for an element forming RX3, and 
having an atomic weight greater than 9 and less than 12 . And boron 
is such a one j its atomic weight is 11, and its compounds are expressed 
by BXg. Lithium and beryllium are metals ; carbon has no metallic 
properties j boron appears in a free state in several forms which are 
intermediate between the metals and non-metals. Lithium gives an 
energetic caustic oxide, beryllium forms a very feeble base ; hence one 
would expect, to find that the oxide of boron, B.2O3, has still more 
feeble basic properties and some acid properties, all the more as CO2 
and NgOj, which follow after BjOg in their composition and in the 
periodic system, are acid oxides. And, indeed, the only known oxide of 
boron exhibits a feeble basic character, together with the properties of 
a feeble acid oxide. This is even seen from the fact that a solution of 
boron oxide reddens blue litmus and acts on turmeric paper as an 
alkali, and these reactions may be used for determining the presence of 
BjOg in solutions. By themselves the alkali borates have an alkalino 
reaction, which clearly indicates the feeble acid character of boric acid. 
If they are mixed in solution with hydrochloric acid, boric acid is 
liberated, and if a piece of turmeric paper be immersed in this solution 
and then dried, the excess of hydrocMoric acid volatilises, while the 
boric acid remains on the paner and communicates a brown coloration to 



of tbe oxides of aluminium (alumina) and boron. The subdivision of 
oxides into baaio and acid can in no way be sharply defined, and here 
we moot with the most oonolusivo proof of the fact, for tho oxides of 
boron and aluminium belong to the number of intOrmodiato oxides, 
closely approaching the limit separating the homo from the acid oxides. 
Their type (Chapter XV.) EjOg is Intermediate between those of tho 
basio BjO and RO and those of the acid oxides BjOa and BO#. 
If we turn our attention to the chloride, we mnerk that lithium 
chloride is soluble in water, ia not volatile, and is not decomposed by 
water } the chlorides of beryllium and magnesium aro more volatile, 
and although not entirely, still are decomposed by water ; whilst tho 
cblorldoB of boron and aluminium aro still more volatile and are deoom- 
posctl by water. Thus the j>o8ition of boron and aluminium in the seriea 
of the other elements is clearly define<l by their atomic weights, and 
shows us that we must not expect any new and distinct functions in 
these elements. 

Boron was originally known In tho form of sodium borate, 
NagB4O7,10H3O, or b&mx, or (imal, which was exported from Asia, 
where it is met with in solution in certain lakes of Thibet j it has also 
lK>en diseoveMHl in California and Nevada, U.8.A.’ Borio acid was 
afterwards found in sea-waUw and in oertaln mineral springs,* Its 

» Is rilhet airoetly iibUUnp^ from lakw (Uj*> Ameripan kkim givtt about 2,000 tons 

iMjcl llmUikpa of Tljllml ftkiut 1 ,000 tons p«r anaftim), or by hoatlngn^tlr® eabium borat« («« 
N«t« «) with Bodivun oarbonate {about 4^000 totw* par lumutn). or tt ia obteJaoa (up to 9,000 
tom) fm tbs To»oan tenpuru bod« aoid and isoditttn «arbeu»t« (uarboolo ubydriSa to 
orolvdi). tlterux gitm aupwaaturataa aolattona wilb cemparutira o«i«« (0#m«4, from 
mhiph it ory»tolU»«, botti at tbs ordtaanr ^ Wfbwf teaperaturfti, la oetobedra, «oa. 
t««i«« Hat«A#K,0. It* «p. ffr- 1« 18** ^ ^ eryaUOIJmUoa proeoodB In op©a 

Ijwn at tomjwiraturtMi balow 8»«, tho ordlnwy prlTOftHe ©rystaUe-hyarate 
l» oliUliwI. lu ap- ST- fa I'll, *l offloroaeoa in dry air at tiro ortlinwry 
Btdl lit <t ‘ l(«i jKirta of wiit«r diawifro ».lKmt tt juirla of lhi« cryBUllo.hydnito, 
at f-o " 'Xt }diil«. Willi at iwr Wti ixwta. ltor*» fwmm wUan hraUwl, Uhs«i» iu wator and 
jivisii fM aulijilrnim nail wlm li at a rwl Ivpal futam inUi a inoinla Uii'tid and mdidifloa into 
a am.iridfiua (wp icr. 2 8?). wlwh Iwfi.ra Hanlaning awjuiraa Um» |«*ty 

Wioilitoif, ^Mr^nliar to roiimui* molton jjUaa. Mnlton iwvras diamdvoa many osidm and tm 
^U4tfyirt« arqttiroa i lwfM tonaim linU with ttmdtRorontoakWa ; Ibuaoswk of cobalt givoa 
il, tkrfe bki» glaa*. Mirbel a follow, clirirttMum a srwsn, itnu»irano»B m wtetbynW ««. 
mum a bn»ltt f«dk»w, ttwiwg b» »Va faaibatiy awl propwiy td dIswWias 
ymt u, oiMptifod t« Wbtoflit^ awt woUd*. Ibwn* bwjuwOy mkmm bale 

«.f atraaa ftWt fttaibl# gtawe*. 

» W# foay n»i®nl*r«« tlw folki»t«g tb** ptltmwto wbWb eftttloto bciTOtt. SW* 

mwm pitrwlad i» Asia Miaor, nm* Bt«»} 

ItobMt, te ^ r^iibr 

a. . t « .. £ simAteitm nWl I’tft ik^ af4.» f 


obtained from the impure boric acid which is extracted in Tuscany from 
the so-called suffloni. In these localities, which present the remains 
of volcanic action, steam mixed with nitrogen, hydrogen sulphide, small 
quantities of boric acid, ammonia, and other substances, issue from the 
earth. The boric acid partially volatilises with the steam, for if a 
solution of boric acid be boiled, the distillate will always contain a cer- 
tain amount of this substance.^ 

eremSeffite (Domour), AlBOj or AljOjBjOs, found in the Adulchalonsk mountains in 
oolourless, tranepaient priama (speciflo gravity 8-28) resembling apatite; daiTiolite, 
(Ca0)2(SiO2)2B2O3,H2O ; and uUtsite, or the boron-sodium carbonate from which a 
large quantity of borax Is now extracted in America (Note 1). As much as 10 p.c. o£ 
boric anhydride sometimes enters into the composition of tourmaline and axinite. 

s This green coloration is best seen by taking an olcoholio solution of volatile ethyl 
borate, which is easily obtained by the action of boron chloride on alcohol. 

Sbi* P. Chigeftsky showed iu 1884 (at Geneva) that in the evaporation of saline 
solutions many salts are carried off by the vapour— for instance, if a solution of potash 
containing about 17-20 grama of KqCOs per litre be boiled, about 6 milligrams of salt are 
carried off for every litre of water evaporated. With Li2C05 the amount of salt carried 
over is inffnitesimal, and with Na2C03 it is half that given by B[2C03. The volatilisation 
of B2O3 under these circumstances is incomparably greater— for instance, when a 
solution containing 14 grama of B2O3 per litre is boiled, every litre of water evaporated 
carries over about 860 milligrams of B2OS. When Chigefls^ passed steam through a 
tube containing B2OS at 400°, it carried over so much of this substance that the flame 
of a Bunsen’s burner into which the steam was led gave a distinct green coloration ; but 
when, instead of steam, air was passed through the tube there was no coloration what- 
ever By placing a tuba with a cold surface in steam containing B2O5, Chigeffsky 
obtained a crystalline deposit of the hydrate B(OB)5 on the surface of the tube. 
Besides this, he found that the amount of B2OS carried over by steam increases with the 
temperature, and that crystals of B(OH)3 placed in on atmosphere of steam (although 
perfectly still) volatilise, which shows that this is not a matter of mechanical transfer, 
but is based on the capacity of B2O3 and B(OH)3 to pass into a state of vapour in an 
atmosphere of steam. 

* How it is that these vapours oontaining boric acid are formed in the interior of the 
earth is at present unknown. Dumas sapposes that it depends on the presence of boron 
mUphide, B^Ss (others think boron nitride), at a certain depth in the earth. This sub* 
stance may be artifloiolly prepared by heating a mixture of boric acid and charcoal in a 
stream of oarbon bisolphide vapour, and by the direct combination of boron and the 
vapour of sulphur at< a white heak The almost non-crystalline compound B2S3, spi gr. 
rS5, thus obtained is somewhat-voiatile, has an unpleasant smell, and is very easily de- 
compoaedbywater^fonuing boric acid and hydrogen sulphide, 6283 +8H20«iB205-t8B(2S. 
Ik is suppo^ that a bed of boron sulphide lying at a certain depth below the surfooe of 
the earth oomes into contact with sea water which has percolated through the upper 
strata, becomes very hot, and gives steam, hydrogen sulphide, and boric acid. This also 
explains the presence of ammonia in the vapours, beoanae the sea water certainly passes 
through crevibea containing a certain amount of animal matter, which is decomposed 
by the action of heat tnd evolves ammonia. • There ore several other hypotheses for ex- 
plaining the presence of the vaponrs of boric acid, but owing to the want of other known 
localities the comparison of these hypotheses la at present 
amoont of borio atdiydride in the vapours which escape from the Tuscan fumetoUes and 



strongly alkaline reactions and easily split np into the alkali and the 
more stable borax or biborate of sodium mentioned above, which con- 
tains 2B2O3 to NajO/ This salt is prepared by the action of boric 

enfSoni is very inConBiderable, lees than one-tenth per cent., and th^fore the direct ex- 
traction of the acid would be very uneconomical, hence the heat contained in the discharged 
vapours is made use of for evaporating the water. This is done in the following manner. 
Iteservoirs ore constructed over the crevices evolving the vapours, and the water of 
some neighbouring spring is passed ipto them. The vapours are caused to pass through 
these reservoirs! and in so doing they give up all their boric acid to the water and heat 
it, so that after about twenty-four hours it even boils ; still this water only forms a very 
weak solution of borio aoid^ This solution is then passed into lower basins and again 
eatorated by the vapours discharged from the earth, by which means a ceitain amount 
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of the water is evaporated and a fresh quantity of borio acid absorbed j the some process 
is repeated in another reservoir, and so on until the water has collected a somewhat 
considerable amount of borio acid. The solntion is drawn from the last reservoir a into 
settling vessels n d, and then into a series of vessels a, h, 0 . In these vessels, which are 
made of lead, the solntion is also evaporated by the vapours escaping from the earth, 
and attains a density of 10° to 11° Banmd. It is allowed to settle in the vessel 0 , in which 
it cools and crystallises, yielding (not quite pme) crystalline borio aciid. At temperatures 
above 100°, for iustanoe, with superheated steam, borio acid volatflises with steam very 
easily. 

» Metals, like Na, E, Li, give salts of the type of borax, MBO^ or MHaBOj. A 
adation of borax, NogB^Oy, has an alkaline reaction, decomposes ammomq salts witb.Uie 



hydrate of boric acid are formed. The composition of this hydrate 
is B(H 0 ) 3 , according to the form BXg — that is, of the composition 
BjOjjSHsO. This is the easiest method of obtaining pure boric acid. 
The water is easily expelled from this, hydrate ; it loses half at 100° and 
the ren\ainder on further heating, and the remaining B 2 O 3 or boric 
anhydride fuses at 580° (according to Camelley), forming at first a 
ductile (easily drawn out into threads), tenacious mass and then a 
colourless liquid solidifying to a transparent glass, which absorb^ 
moisture from the atmosphere and then becomes cloudy.® Only the 

liberation of ammonia (Bolley), absorbs carbonic anhydride like an olkali, dissolves 
iodine like an alkali (Georgiewics), and seems to be decomposed by water. Thus Eose 
diiOwed that strong solutions of borax give a precipitate of silver borate with silver 
nitrate, whilst dilute solutions precipitate -silver oxide, like an alkali. Georgiewios 
even supposes (1888) boric anhydride to be entirely void of acid properties ; for all acids, 
on acting on a mixtore of solutions of potassiom iodide and iodate, evolve iodine, but 
boric axiid does not do this. With dilute solutions of sodium hydroxide Berthelot ob- 
tained a development of heat equal to 11^ thousand calories per equivalent of alkali (40 
grams sodium hydroxide) when the ratio NojO : 2 Ba 03 (as in borax) was taken, and only 
4 thousand calories when the ratio was Na^O : BjOg, whence he oonoludes that water 
powerfully decomposes those sodiuih borates in which there Is more alkali than in borax. 
Laurent (1849) obtained a eodium compound, NogO, 4 B{Og, 10 E[ 2 ()> containing twice as 
much boric anhydride as borax, by boiling a mixture of borax with an equivalent 
quantity of ssl-ammoniao until the evolution of ammonia entirely oeased. 

Hence it is evident tha>t feeble acids ore as prone to, and as easily, form acid salts 
(that is, salts containing much acid oxide) as feeble bases are to give basic solta These 
relations become still clearer on an acqnaintanoe with such feeble acids as silicic, 
molybdio, &o. This variety of the proportions is which bases are able to form salts recalls 
exactly the variety of the proportions in which water combines with orystallo-hydrates. 
But the want of snfBcient data in the study of these relations does not yet permit of 
their being generalised under any common Jaws. 

With respect to the feeble acid energy of boric anhydride 1 think it useful to add the 
following remarks. Carbonic anhydride is absorbed by a solution of borax, and dia« 
places boric anhydride ; but it is also displaced by it, not only on fnsion, but also on 
eolation, as the preparation of borax itself ehows. Bnlphnrio anhydride is absorbed by 
boric add, focming a compound B(BS 04 )g, v^here HSO 4 is the radicle of sulphuric acidl 
(D'Ally^ With phosphorio acid, boric acid forms a stable, compound, BPO 4 , or 
BaOgBaOg, undecomposable by water, as GustavBon and others have shown. With 
respect to teri^o acid, boric anhydride is able to play the some part as antimonious 
oxiia, lianmlkil, glycerol, and si^or polybydrio alcohols also seem able to form parti- 
oharfkoterietio oomponnds with boric anhydride. All these aspects of the sabjett 
leqmte still further explanation by a method of fresh and detailed research. 

0 Ditte determined the sp. gr.:— 



0 ® 

12 ° 

80° 

B 903 * 

1'8760 

1-8470 

1-0988 

B(OH)j 

1-6408 

1-6172 

1-8828 

Solubility 

1-06 

2-92 

16-82 


The last line gives the solubility, in grams, of boiio acid, B(OH)si per 100 o.C. of water, 
also according to the determinations of IMtti 


irom aamp air, scui in tine presence oi water it always ' combines with 
a less quantity of bases (borax only contains ^), However, fused boric 
anhydride forms a crystalline compound with magnesium of the same 
type as the hydrate (Mg0)3B203 (Ebelmann), and even with sodium it 
forms (Ha2p)3B203 or Na3B03 (Benedict). As a rule, the salts of 
boric acid contain less base, although they are all able to form saline 
compounds with bases when fused. O^enerally, vitreous fluxes are 
formed by this means,® which when fused recall ordinary aqueous solu- 
tions in many resped». Some of them crystallise on solidifying, and 
then they have, like salts, a definite composition. The property of 
boric atihydride of forming higher grades of combination with basio’ 
oxides when fused explains the power of fused borax to dissolve metallic 
oxides, and the experiments of Ebelmann on the preparation of artificial 
crystals of the precious stones by means of boric anhydride. Boric 
anhydride is, although with difficulty, volatile at a high temperature, 
and therefore if it dissolves an oxide, it may.be partially driven off from 
such a solution by prolonged and powerful ignition ; in which case 
the Oxides previously in solution separate out in a crystalline form, 
and frequently in the same, forms as those in which they occur in 
nature— fot example, crystals of alumina, which by itself fuses with 
difficulty, have been obtained in this manner. It dissolves in 
molten boric anhydride, and separates out in natural rhombohedrio 
crystals. In this way Ebelmann also obtained spinel — that la, % 

’’ It is evident that, in the presence of basic oxides, water competes with them, wbi(^ 
f^t in all probability determines both tbe amount of water in the salts of boric acid -as 
Well as their decomposition by an excess of water. In confirmation of the above- 
mentioned competing action between water and bases, I think it nseful to point ont 
that the crystallo-hydrate of borax con&ining 6HjO may be represented as B(HO) 3 , or 
rather as B 2 (OB[) 8 , with the substitution of one atom of hydrogen by sodium, sinco 
Na 2 B.j 07 ,BH 20 = 2 B 2 { 0 H) 5 ( 0 Na). The composition of the acid boric salts is very varied, 
as is seen from the fact that Reyohler (1893) obtained (CbsOISBqOs, (Eb20)2B20s 
(corresponding to borax) and (Li 20 )B 30 s, and that Le Chatelier and Ditte obtained, for 
CaO, MgO, &c., (E 0 )B 203 , (EOaSBjOj, {£0)23*03, (£0)83*03, and even (£ 0 ) 33 * 03 . 

^ A glass can only be formed by those slightly volatile oxides which correspond with 
feeble acids, like silica, phosphoric and boric anhydrides, &c., which themselves give 
glassy masses, like quartz, glacial phosphoric acid, and boric anhydride. They are able, 
like aqueous solutions and like metallic alloys, to solidify either in an amorphous form 
or to yield (or even be wholly converted into) definite ciystalline compounds. This view 
illnstrates the position of solutions amongst the other chemical compounds, and allows 
all alloys to bo regarded from the aspect of the common laws of chemical ruactions. 1 
have therefore frequently recurred to it in this work, and have eince tbe year 18C0 
introduced it into various provinces of chemistry 



compound of md aJammiiam oxWm wbioto oerow to 

nature.* 

Free bonm ms obiaiinod (1809) by J>%ry^ Gay-Lus^, and ThAiard 
when they obtained the metali ^ th« a^kalk, for Wrie anbycJridte 
when fused with sodiura up it« mj^^n to the *Klittw, a»il trm 
boron is liberated as an mmfhom powder lik® ehamml.**’ It li d! « 
bifown colour, speoifto gravity 2-45 (Molsmii), and when dry tk>« 

alter in the air at the ordinary tempemtum ; but it burn* ^lm% %nltdl 

to 700®, and in so doing combines aotwdy with the axyiffn of ilt« air, Iml 
also with the nitrogon. However, the combustitm la oavisf 
because the boric anhydride fortned on the turfaee mw« tlw reomla* 
log mass of the boron, and so pre»rvei It fr«un the aetioii of th« 
oxygen. Adds, even sulphurio (forming 80») ami pHosphorio (form* 
(ng phosphorus), easily oaddis© amorphoui bomr», when 

s XL borla add In <te a^aoca adutlm perw te he ImIiIk, 

Mkd «aa% dliplaoad hwft Ita adto tiy ©thw iwSd*, y«4 ia as istete, m 

it adiiWlB Uie propadiaa el aa (wai^pide aeW «*We, «a4 (I ifc» «i 

crthw adds. TWe of eetim dot* »ol fBMis ihfti Ihti ##14 th« 

propoitias, but only d«t>mdfl on Ih# (Ml ibal (ho td ik» «4 tuM 

mnoh mors volatile titan bctrio uxthyilt4da, and mmltim th# (ate el tMAf «! 

aulphnrlo aoId-*are dwompcmd when fuaMl wtih bnrSi nabydr^. 

By tiaelt boHo aold U tmd ht (he art# In nail dhMf ta' (bo 

ol nmt and &«b (arbloh mwtt ba atte#«rda w«M. wtuMI in waiKfl imi4 mt iKiia. wd tap 
WMklns Iba wieks of ateada oandla# ; the latter sfftaAfea k tmi^ m tlw liw« iIhA 

the wloki, whioh are made of «wtk« twiit, mkto w ikb whish k by tel 

wUioh tnm wim tabled iHth bear^ 

W AwmfhoM tofoa is pmiiaited by mkkf KM prk wf pm^md b«wi» 4ftliy4fi^ 
with 60 parte of eodlw In mail lampi tbk mknm k Kwwn Mk » pwwrMf 
oaet'tvcm oruelble, oomed with a laywr of eel^ mi tlw mmihh w»w4«4. 

Eeaotion prooeede rapidly | the ihm k elltted with m km ead, fMirf •llrwtif mm 
Water eontalnUig hydioeWorlo add. The aetfen M natwaBy l»f Ik* !»#»*. 

tkm of eodiam borate, whldt te dieedved, together ^ «hl, fey »kiM Ite 

boron eettlee at the bottom df Kw VM#d m an Inmlnhi# pmim. Il It te MM, 

and dried at the ©rdinaty tempemtere. Maptedt®, »®4 «««« 

awaleoabtotoredaMbawntew tecKidte, ' &««,{» 

wuf 'esifi^ pMM tow^ dl«9f«piiper,»««ahi# iwtfestdW to »iU«,i*4 tt tew**, 

sothalftiiM«»»tohai*^iatetif. Wfbii# 

sates CedQddal)p«op«vlr* 

pw««t4 d hwEt end anfftMtow* (W^^, tmi km mkm * 

tei^ oil pddteipiim 1^ i» to lAitw i•f|, 

itfottesateor^honeb^letetadfa p^* 

■wwhed with water, by*»eM«el« and bytesfaaite ad^toM ftA to •» 

atteoi^ere olhydr^m to oi^ter to pfeveni «ai«i dt mkmk 

h eaefly abeoebed % tafflindesimt «««»the»* tema. 

Sabatier (1891) omuideM &e4 a «i*teln »b»#s»I df «f 'tarn b 

in) UU0 ftdUOl^ of blirdj^oolilot^o A.^d 


forao, and its proportia® are then exceedingly remarkable. The 
oryatolline boron may be obtained by boating (to 1,300®) the pulverulent 
boron with aluminium In a well-oloaed crucible, the aooecs of air 
being prevented ns faj? as poasible, After cooling, oiystak are observed 
onthe.surfaoe of the aluminium, and may easily be separated by dissolving 
the latter in hydroohlorio acid, whioli dtam not act on the crystals. Tho 
specifio gravity of tho crystalB in 2-()8 ; they aro partially transparent, 
but are for tile moat part coloured dark brown ; they contain about 
4 p.c. of <uirbtm and up to 7 p.o. <»f uhiminium, so that they cannot 
bo ctinsiilered an pur<» boron. Novortholotm, tho proportion of this 
ctryntallint' aubstanco, wbioh was obtaineKl by Wohlor and Deville, 
art» very romarkablo. It most closely restvmblos the dtmrmtd irt ila 
In foot, these eryatals have the luatre and high refmebing 
power proper to the diamond only, whilst their hardness competes with 
dtat of the diamond. Their powder polishes oven tho diamond, and like 
the dianuirul serab’htw tho sapphire ami corundum. Orystallino boron is 
much moro atabh^ with rtwpiHit to chemical n-agc'uts than tho amorphous 
variety, and as it rostunbles tho cUamoml, so amori>hous lioron, on the 
other hand, distinctly rcKsalla oortain of the properties of charcoal ; thus 
a certain resoroblanco exists between Ijoron and carbon in a free state, 

which ii furtdier by the proximity of their positions In the 

perlodie system. 

Among the other compound* of boron, those with nltropn and 
the halogens aro the nurnt remarkalde. As alrmdy mentioned above, 
enuirjihmiH Irtinm combine directly with nitrngim at a rod heat. If 
it Iki licati’d in a ghvHs tulm in a atrt'am of nitric oxid(% jw* 
fiict atnibuBtion takt'* place, hll + HNOsal^Oi + SBN. If tho rtwiduo 
be trirntwl with nitric acid, the lH>rirt anhydride dissolve*, whilst tlio 
btmin nitrid/fi rmnains*' a* an oxtrmmdy light white powder, which 

n 41 ftf»t twM* BUrht* *»« hy b«te add with |w4M«ta« 

or oihpr twwtwead*. U m*y bn tnwo isiiBply pwj^^red by b^tef sshyiiteM 

wtUi |»«u*a4ttw tme by l»r« with Pet 

lb« par|w»« «.»# iwt «l b«.»nw to iaWetaWy »t»*d »tA tim puM el d*f MMSwaiew 
wtal Um mistow besM m nkfeimm «ni»tbl«. 4 pmmm mm h fewEwd, wbiab 
w*l#ta»4by»bf»#bJ«ri«sdd,le&VMtwB«aIlrid®. B»m 
jlwrMn, Bf, i* kwwm, «w»i^w4iai to bed^ m» obtsiarf ^ Mtd 


Is soraitimw p&rtiallj cryt^llDt ^nd gnmf io tb® touch, liku idc. Ii 
is infusible and unchangotl, t^«n at the jwlnt lucknl In 

general, it is remarkabl© for im gnmi atobiliiy with rr*|»eet to cheiiijf^i 
•reagents. Nitrio and bydrcmblorio luJida, m well « alkaliiw wolutimj^ 
and hydrogen and chlorine at a red hmt, l»¥e m* acto*n «u it. 
When fused with potash, it uvoIvim ammofua, arid wh®n ignitt^l ia 
steata it also yields ammonia : 2BN ig + 'JN'Hj.** 

No less remarkablo i« th« onwpuutid td lM»r^ui wjih 
fiuonvkt BFjj. It is jirtKluml it» many in»tanr« whon r-urnjiourols- tif 
boron and of (luorinn ar® linsugUt togmihi’r.** Tim e«mvra4i**nt 

methwl of pn^paring it is by boating a tniRturw •>( llunridn 

with boric anhydride and aulphurin arid, lU’aF, 4 ” IB* 

M 3 Ga 804 + 3 H 90 + 'iBF|,.'’‘ It it a coluurl«« h.jimfkld« y.w (tl» 
liquid boils at — 100 “), which on coming into l uonp i wiUi .Un*n a»r 
forrai white fum«i, owini to ita eoitthinlirg with w®tof, tbi« vriurrm 

ofwatet dissolves m much m 1,050 volume* id «hi.» ga* 

'forming a liquid whleh dlnongagas k»ron duorid® wlmn hea««i, and 
distils over unalterod. Boron duorid® chart ofi^nle weil<«r, nwitig to 4te 
taking up the water from it, and in this it a^to hk® »u!| 4 »wria 

add. The behaviour of boron iluorida with water mmt li«» uudr mu***! m 
a reversible reaction, since witli water it yield* hy<lr«dl«**rto and te»rie 
acids, whilst they, aeting on on® anothor, r» form W»rwn tlwondi^ and 
water. A state of oquUibrium k wt tip b®tw»in» th«®« «wl»tAttr« 
(and hetwottt two revemlbla rtaetio«is) which w «Usimt:ily dp|«»s 4 »nt 
on the maw of the wate-r.’^*** When Imttm fiotwidB m in gr#*i *»«.■«», 
the equOihrated system, whieh I* capahte of ditilllmi t»ter fsp. gr. 

MoUimw) (18S1). Tba eeUoa ot spm a4nii»«4 Iwrww, HI*, fe-im** t'lilj. m4 

when Iwftted lo 600® la hyilrrifwi it farm# III*, wfek'li #!*»«» I*ll« m%h r«fts*i Mllti 

'* Wh«n f««Hl with iHitftsaium r*TV«m*U> It form* {»**»»*»»» tm s 

••KBOj+KCNO, All Uiia shnw* itet h«w« »0iri4» ta « *4 %mis 

+ NI%-flHsO «BN. Th« #mwi k »xpr»w»-4 t*r ^k«A tusww mm4a. 

Of lUe typo of Uiatetoo wmpimwk ttSi, with ite MjW4iirtfe!» «f 1,^ fey »« 

trtvotet rndde of amnwUia ICIf^ 

»® twd^ to m h«ti^ tmM’Mnutg in 

mm wtaiatet tettt towtwi iMrt »mm», If »«*« *• fo**« ..a 

hwal# ayi be»*«i mm bm^ Mu^t. m m i* 

vokWMd, »« 04 fKM's.«Ws+C%h^%, m mkimm * 

ooiMa amoeat of AomMa 

k ^ to awtot U» temayen ef Mkm Hmm* *W.i ^4 

B I" ***** '^*** ^ ^ •'» *«*!# 

Boron uaoritto bv Itself doM ttii4 eewa4# glw*, teit Ite y*»tf%tej 4 i* ili# 


Jr V ir'' ’ f )y/iAv AW v«vrw» **vv urv^v w** ^xc«iaai| rr mavju owu yra 

that thoro is no frtjo hydrofluorio acid preeont. Under the action of 
water this Bystcm chaiigOH, with tho foraiation of boric acid and 
hydpo-borofluorio acid (IIBF^) according to tho equation 4 BF 3 n 409 
* 3 HBP 4 4 -Bn 803 + 6Ha0.'« This hydroborofluorio acid has ita 
corresponding Baits-— for instance, ICBF 4 . On evaporating the aqueous 
solution this free acid decomposes, with the evolution of hydro* 
0 uorio acid, and a stable system is again obtained : 2 HBF 4 + 5HgO 
m BgFgHioOft + 2HF. The resulttint solution (containing 2 BF 3 , 6 HaO, 
sp. gr. 1 ‘ 88 ), which is identical with that formed by the evaporation of 
a solution of boric acid with hydrofluoric acid, again only contains 
a compound of boron fluoride with water. Probably there are 
variouH other poasilihi and more or less Hlablo etab^a of wiuilibrium 
ami deflnile eoinixmndH of boron fluoride, hydrofluoric acid, and 
water. 

N<jlbir»g of tliia bind occurs with Ijoron chloride, because hydro- 
chloric acid does net act on Iwrio acid. However, amorphous boron 
at 400® burns in chlorine, and at 410® forms b&ron chloride, BOl.a 
The l>oron buras in tho ohlorjne, forming a j^s which, in a freezing 
misture, condeutios into a liquid boiling at 17®, and gives up ita excess 
of ohlorinc, if there Im any, to mercury. Tho apeoifio gravity of this 
Hquhl is 1*42 at 0 **. Borojn chloride may also bo directly obtained 
from borio anhydride by the simultaneous action of charccwil and 
chlorine at a high teinporaturo : BjOj + flO-f SCIj ran ^BCla-f-BCO. It 
is also obtalniKJ by the action of phwjdiorio chloride on boric an* 
hydrid® in a doeed tube at SOO®. It is completely docompoiwd by 
water, like the ehloranhydrlde of an add, boric add being formed j 
henoo it fumes in the air s BBOlad-SHgO « 8 H 01 , Boron 

ftmUiba till tliriH i clu'niirfl.l I tliiak Uml lhi» oxwniik' tilumUl provo 

U»« f| Uiiiw* (it«'rv«.U<>tm uiu.u Uut imtuii' ii( (mlutiniiti wUi»')i aro givt'ti la 

C’twj'lnr I. 

Tli»y ar*» rallwl Tltpy may Iw jtrpimrwl duKclly trtusi {lutirUU-8 «jm1 

Wwlpw. Hufh i*! willi luyijwti wr<i ht luilurc Ifur 

«j:«aUI« wi<i t>»'r»t'iO‘). nmy Iw urtifl* Wly iifpjtftOHl, Tli» t-i-miniitiluiu uf 
titt K+bf‘Vh””*08y' tm M lhal ol a 

BOCOKpSF. tt *ui W 0 t*>r lb*»m thte ri»l> jirove 

ttwl ttwy An wA •» fiwf wauy Anubin tliMwajKiftitA by waA«f. 

♦* FltKAwli! seid a«A watw, seW, b«« ftae* 

rid#, iomJ hyAr«fitt»rk w'fd. U i» wlAitwl U»al «w tk» «» tb« tetwtpe 

mkm mmI tydasestirlc aiwI, «»« lti« *Al»»r ksustl, ihdr p»w«r to cernWo#, #» B«c»f 

foifw* wblub iwl l»r». Wnm Uw fiwA !b«-l ikW-, cm wdy 

aatfia In M wdalton, h mmi UM It famM a raMwkat 


hftlogea 111 th« m, toron k m tri»«J*»ni f»leiii«ai 

forming ^ 

iji la ttf* tM grwp UAIaa i* fi.*ilewfirf l*y giviug » 

b«.to Midi, » Itt tito weoftdi g«»|» fa l©liowwl by 

wad M ftl« la Ik* AW pwap K tl» }i||hi«t 

boron, 'wh<» l»sie ohi««l«r fa «Afk*«sl| »««»«*, A1 *• 31, 

who» osidtJ, fclumlM, l»a »om»wb»l dfaili«l imdp fsr»|>«rli«;#, 
iklAoufh not m jK»w»rful m in oehH arv i»r»rt» «ii*!i*i 0 | 

Aaa in borlo wa^driik. Among th^ pfa«i»nii of ili® ilitrJ gn;ni|i, 
idttffilalyim it At mo«l witfaiy disirtbatei in iminw , it wtli t* *«ilkHft»t 
10 minUoa Aal fa Itste tiw »l rky t** 

Ai wdfwrtil dimiibatei of in A«» m,tih'^ crmi. 

Alamittiir faiw naaid froa iw Wag ihm m»%A\ *.4 *liiw.i( {dmn0»%. 

Ck^t wMA ii m wMdIy dbHrilfaiW awI fewilmr f« e»»rytMiii|, fa 
Ao In^ttbl® obtaioitl afl^'r mIIoh m| 

earb^le aeld on many roekt, and fw^acinJIy m ilw^ 
in iomfl of Aom. Foltj^ fa a coto|»«ml eonlaln^ng f*iu 4 i «r » 4 % 
idumina, wad hIUow ptdmary tmk»^ Itk# r«»niA4t4 iMt-ty 

lindlar compoanefa (•»« KVlXh i it 

on by waAr oonfadninf oyrbotikt wAI, alt A« at halt* ||« 4 .iMb and 
tcAn)}. ft»d a of At lifaat. late Ait w^ur m tulwiancM 

vMA. #r«' Atttbfa' and oarrted away by wbifat tb« and 

ildoa lifa from A« rwmidtt «»» A* §1^ whmm fb« «dt»i*«« 
has tJikfin piaow Thfa fa A« original in«lii«;j 4 td ikm for»*i4<» ef 
olny in tti primary dtporifa awoof roek# skmg whnm tlw 

ataiMidierio water bai ptrmoaW. Saeli primary dfafiwlte mttmm Kvmimrn 
a wMte pw day, termod kmlm or riuf , Bti mek elay fa a 

rari^,,bteaMi A« eondi'dooiter fan » fmdf ^ wiiii. 

water, whOiil'ftelii^dt^B^ii^y on allb*«» I4«» 

Aim tM: AtiiW af dfa. 

i^ott fd water, )mmm fa fa tompMid pym mmit 

elw and void «l;aa^ tryntettitti wMA «iily m> 


wi mmwmm mmm * ^4 


nnriorate contained in the mountain rocks. Together with these 
minute particles of clay the water carries away the coarser components 
on which it is not able to act — for example, splinters of rock, 
grains of mica, quartz, &o. They wore originally hold together by 
those minorala which form clay. When tho water acts on those 
binding minerals, & sandy mass is formed which water bears away. 
Tho cloudy water in which the particles of olay and sand are held 
in suspension oarries them to, and deposits them a^ the estuaries of 
rivers, lakes, seas, and oceans. Tho coarser particles are first deposited 
and form sand and similar disintogratod rocky matter, whilst the 
day, owijig to its finely divided state, is carried on further, and is 
only depoaitod in tlu^ still parts of the rivers, lakes, &C. Huclt dis- 
integrations of roeka and separations of olay from sand have been 
gradually going on duriiig the milliouB of years of the earth’s oxistenco, 
and are now proceeding, and have boon tho ctiuso of the formation of 
tho iminenao dopoaiti of sandstone and clay now forming a p«irt of the 
mrth’s strata. Such beds of clay may have been trantferred cur- 
rents and Btrearoa from one locality to another, m tliat w© miwt dis- 
tinguiwU botwoon primary ami secondary deposits of clay. In places 
theses beds of clay have, owing to long ejcposun^ under water, and 
perhaps partially owing to the action of hi>ut, uudergime compression, 
and have fonti«Hl the roeky inaws's known os clay slates and schists, 
which Bonietimcai form entire monntaina. lioofing slates Ix'long to this 
clnM of rtMjks. 

From what has born said above it will bo evident that these 
deposits can never consist of a chemically pure and homogonTOUs tub* 
itance, hut will contain all kinds of oxtmneou# insoluble finely divided 
matter, ancl eH{HH'inlly sand that k, fnigmante of rock, chiefly quarU 
(SiOj). It in, biiwever, {MJiiHilile to cenmderably purify elay from 
ihcM’ iiiipui'itii'ii, (twing t<» the fart that they are the rehult of 
mei hanieal diwiui^'gmtiim, whilst the clay han Ik i h fonnetl aa arndduo 
of the cheniieal alU'mtiitn of nnky matter, iiiul tbrn’bu'ti its jmrticlw 
aru inauiijutrably juuro minute than tho particle:* of band and other 
rock fragmenla misktxl with it. This diirertnme in the »i«s of thogmittt 
oaufiejs the day to ronuiin hnigisr in BinqH-nsion when slmkcm up in wator 
llnui the ecmriaw grains of »»nd. If day be tjbaken up In wator, and 
^jaxrially if it las proviottiJy boiled in it, awl if altw tb® fir»fc portion 
bai rattled tho cloudy wator Iw dsmntcd, It will give a depwit of a 



purifying kaolin deigned for tbo ffl&nufaelure of 111© brat kindi ^ 
china, earthenware, &o. A aiailar »illK>d ii sl»« p«ipl«*y«l In il»» m» 
veatigation of ©arthi for deteroiinuig tb» mmpmmmi »/ mnk clsnfflj 
compoaed of a mixture of mad, clay, Uroestoru*, tmmhl Th« 
limestone i® soluble in dilute acids, but noitber ihe rlaj t}»r mipI 
into solution by jtWs m»ni, and thorefom tl» Unj«t*«w k 
separated In the Invwtigation of soils. The rUy »a w|*riit«.i frt»w il» 
sand by a meohanioal method dmilar te that tlc«r»i»cd anti 

termed UviffcUion^^ 


0 The prows® of »$» lfeo»Ua»r*a««tip5‘^« I itw |!«%si»c4#^ 

of eky &ad g&nd. la Aefinlty taJ {».•*» ® !».. h r-iKst, *«,,! 

fore a ekeM» of water of a cwtela o»« «nlf *»a?' <*»» r**®*’-*®* *>* « 

dJameter, whiltt (to purWee of ft d»«»#Wr h» fey «? 11>i» t# 

due lo (die re^teaw to feUSa^ rfterdi fey Jto **»» f^.t* 5.v. 

moving ta It {a««iseB wife ttw wtoeily, *1^ Ifewsfww « rtWuth-* fslUr^ mi» »«?*» ®it} 
eabr more wHb m mui m%u^* sfe* r«*i%iiiw*o® uMm»4 % 

^ wfttox, and (h«a Ito 'wdo^ly wifl to nutfom. Aft4 m *to ».| ito 
p«kl<de« k dl«^ (a «madl, tto mastom vdMif to m t» *!»>« mmAt. 

A defiled ftooottat of tto tH«wy of foUi#® todiMi i« »l »l*» »»j-«s*4«w»»4» 

lag on thb en1)Jeot,mfty to fostiid te Biy work, rto t'f ^m4 

Aeronaufiei, ISftOi _Tto mlnnl* parttetw of eUy »«» w»ia(i. s«4 

tftkelongftr to fall te 'the tottom. tliafy iwrtoW, eJlIwwf h «4 f*i! 

qnloldy, end are tome away by water witt frisater difcwHi ito*i ilt<9 Utlster I** «lw» » »f 
(pjld and other hearywe are rto t*MJs**t 

toarlec are left tohhtd. A mttmiA dt wafew el » »fte4« 

awn^y wt.th ItparUei^ ©f »«» a delnite dkeiwtor mA hmi fcy ifc# 

titoittf of kto owMnt a ptoat may to »i dtoa it^ «»!) Iw •»«? 

4 d«ft^t|M 0 h 0 t NSfaciUw te (to (Aivimtta ol «l il»i» h *»4 *» §i»m» t»f 

Gablaa tn Wa meaide In toa Tnwwatistema «rf tto Stoiww »■?! !K*s«na thikm*m» fcsf 
1807, 1» tode* to to able mmrMf l«i mry Ito eelwily «! ihm *4 • 

cylinder l« amp%ed in wWeb tto earth to to ##p«ftot»ate4 wt s* ♦*.4 »»!•# i# i*. 
irodneed throufh the oontod bottew of eyt»4«t- Tto rate %i »l»*rb il»# **!•# ti** 


in the oyllnder wU.1 wy aewKlmg to ito qaasuiy *»tef fcwte* i** »sii« «l «&»• iftfei 
♦he veese), and ooneeqaeolly ]^tiete» of rartw# mm msM to #•*» hf Um •#te* 

floaHag over toe upfM* idfea «4 the ta/mX. ^Mm A*«w«l to Hs*! » 

corwat of water hartag a wWiy af Ul mm, wti mmf «»*f 

adlamelMof »t lawi toan flIWI ««,, that Is, «»f «s««i «4il» « 

v«W m». p» MW^pwttetai tofliif a mm. mw *«wi *4 »»*f i 

wlto pefiys nm., g®MFl« fwht wil t*W mm.» »,. »iiii •«#% tw*. 

mm, i*»S Ii«.| w» t »4 »« 4 «A 

W»te«ato immtrnrni wlto »•« « i *m 4 a thm mmmt 

dote to* «es «4 «»« «l iinAmfmrnf *«if mmk *.*t 

a^«^r l«m lh» m ia*#««A, Tto ^ ^ »,ik 

tto day will than li tt» fto my mmm ^mim rnfm if»|. 

gatlM m an eomd^ mix wtf Ay ^ —i 

.asdet In It as t«»y h w ml 


pKKs®«di v®*y iftsily itt wady soil*. But o» the olheif head »ueh «otli d«t w>t r»l«i« th« 
nubriUoai piine!pl«« eoateJlaed la tbe.iwiiaure, aw the mtof M6»»wy f«>r the 
jawit of plMts by im»M8 ©f bb«lr rmtte. WuUom of nuteWoM wdWtew^ 
wdt* of potMRlumi phMphodo «ald, when awd daty Imm % pwlte 

motelraittg the rat4o« of Be pniiiolotf. Tim Mad bM «dy to b« maM with f«« Mtar 
wd ftU the ndb^Kiiif ftlme of eolukloa WM wnibed nmy. II to «ol so witih day. If ^ 
nbor« BduMmsbe pnaned ttmmgb akyor of eky the wtenWon ef Ut® anWlit# 
of tiies® BolaWonB wtti be T«y mofkod •, this to partly bemnw of the very krf» surf«e« 
wWdh Uie mtnutf® partiol» of olay expos®. The nutritive elementa <li»»t»l v«»<i la wet«r m* 
retained by the parliol®* e)f elay in a peeuliar manner — that ie, U»» ftb»«»rt»tite jamer of 
«lay in very groat etnnpared to that of ftam!— anti thi« haa a great eigmfU an®* in ll»«i 
©oonomy of nature (t'bapter XIII., p. 647). It l« evident that for tnillivainm Uw 
oonvenient 8oil« in every ree{>t>et will lx* thoM eoalaining m definite fm*,lar« of etoy »tt4 
natid, and indeed the uioat fertile KoUa bav® Utia imrupoaitten. Titn of f»rtd« mdlm, 

wbJob to DO imjRirtanl for a kirowledg® of the imtom) mtliBrtm !m lb« ftp{ilicia.lo» dl 
fertiUBm, belongt, atrtoUy Dpmking, to tbo provUtm of afrtnultim. ta ftuwte llw irrt 
foundation of a Mioutido fortiltoatkHa Im b#^t kki by DokwbMi. A» m Mtfi 

w» will giv® tb® oompottition of four scdto { (I) Tb# Monk wr^ of Ibt SiaWtiA S-evM** 
monl; M a ©toy soil from tho Hmtdonak Oovommmt; (i) u. mom Hurnly mII fitm iIm 
W foBftow uovomment j ««d(4) apeaty »oilfr«m »»*«r Bt, I*«»t»r»barg. Tb*»» Mialy «•* »»» 
made in the lalniratory of the Ht. I’eterwburg IJniveraity «W«t IihW, in r^siinet’l^n wilb 
osiwrlmeitto on fertiUtiation (condoeted by roe) by the ImjwriaJ Free ltrf>i»«Km'al Hiwtely, 


10,000 gi-aiu» of air-dried soil rtmtalw ll»e folbtwing quanUlies tin gram*) 
CA{iable of dlarndvinf In aoid®, and of tterving ftw lb# ti«»uriebmenl of plante 
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Tim bl«k wA «fl«k tli» «dih*r i»a» t*i m:*i»y l«it a* Awn •» »ii» 

bf It km mmrn^ to II » 9mm *4 

«l » «»tl fftsr by tfep •# «*#| « |s*b **4 hf mnA 

mA forfcWwdI**, tf f'Wtel m to miA ^ «4 wfiili 

to to mm df tw% m^f 9*mf 


the proportion befcWMtt th® wmpo»i»t |»rla of m elay ; mul by iguiting 
it at a high tempeaturf wo may Uelerosine tin? aiMouni ui wm-i.r hcldl 
in it; la th* pam* sorts of d&y drW ai liW'’ («|». gr, *.f pn rsj ks'MsIjij |,g 
aWttt-2*0)tibisppop<rM«k»tottl^SIOt : ’Jli/) ; AI/»5. I» iliiii eii«® 
t^bio ooawrsion of fek^r into kaolio i» oxpwMr4 l>j th*' *'tiua,imn . -> 

KgO.AlsO^ffliOa « Ala 04 , 2 SiO, t K.OJiki >, , 

FektwsJP K«»->JUa 

the oompouad KgOjiSiOa ^mmm into . 

Bat tts & mk ehya «aMa imm 43 t*> fiO p.^. «f mlk-a, inm 3<J to 
80 p,o. of ftJattlJM, ittd %hmt IS p.e, wAi»f , ^uti ii. tiwmm l*( 

eappowd thaA «kjrs «» alwayi %hmf 

m c«t rtlbo-iJaiitifurios rnimimumh) 

lyKl tmaoi^d oa hy wattr, nUy* t 

hydrous compound d siumlim tuid idUimy wliM m Aide »<* gw-m tip ib# 

aluu^ ooafeiaed by it m a bt» m «ilpbsiri«? mh\, ftitwiiii 

aluminium sulphate, which k ioluhte In wiMr. AiUt 

the dlioa muaimt, and la sokyi in a wItIbH td m »ihftlin«» 

bonate.'* 


-- - - , 4 tto fmim *» ’Ik** 1*1 1^0 mm 

»■ -■ ■ •»»»■»»■ # IttSy Issues*# 

llWfCiltoMy mmm im, W 

mBmr pxtsai' CteM mi^r t« muAm^ «iMit im mf *§*''*^*^ 1 *** 

*» taww that a «4 tfajr «#4 mm* ♦» («54#»*:4 s.i»...|»»4» *# 

toldttg ft (opfft wh«a te a tmkmM pmtmmm- i:\i* ^4 4 ** 

W»4<ot II iia lavftlwftfete matatM tm pm^mi pafs^ttk. Vttm * 4 #^ *#» *^4 

ffiMtUfteUiMd ft wri% «rf inferpwlii, «>«»«« y%. 1 * 4 ?! 1 ,*^ « },!, , 1 ^ 

dftUMli oMm WBfks »rf Mfc. ^ thif wiifc W* |u»rsif , 

w»m ma4« rt ek| *» Ap« 4, Ifes •«»%»»«» imm i» . i-s^i m*im« 

Wftte il ftWV, mA krtterasosi* Um *4 41* |« mi 0^m*mm»s m^mi tm 

II m^k m mhh i« 1 , n- 

te hm ••!«, *«4 » ^ai 

ul I»l«<ail. « aultNl l» •* Immm. SXTwCT,. X 

»« ah », ^ 


potftisium (and allied metals) and aluttjinlam, AlK(SO^)j,12fljO, Whta 
clay is treated with sulphurlo acid diluted with a curtain amount of 
water, aluminium ■ulphate, ii fomietl ; and if jK>ti»tiam 

carbonate or sulphate bo addetl to this solution, a dciuble wdt of 
alum is obtained in lolation. The nlumii oryit&llii© mmilj, wd ar® 
prepared on a very Iw^ m&aufaeturiag •ea.l© owing to tWr bsluf 
employed in the proo« of dyeing. Alums art idiibli ia water, md^ 
on the addition of ammonia to thdr ioluyoat, tb®y k^imm 
€duimfm, or aftttnt'niMw hifdrtmde, a® a white g©lat!nmt prsolpiteti^ 
which ia insoluble in water but easily aolubhun muIs, oven whondllwt% 
and in aquoous soda or potash. The wilubility of alumina in aoidi 
indicates tho basic character of the oxide, and im soUdisUty in alkabi 
and its power of fortuing coni|K>undH with thorn uhowB th« wwiknesa 
of this Imuio oharaetor. However, the f«^*ddf»t ituddii, uvwn mrljcinw 
acid, take up the alkali from «uoh a solution, and th« alwinlita them 
geparattw out in a precipitate m tlie hyilmsidc. It wu*t 
raembored a® characteristic of the mlt-fonning trf ftlumim 

that it dfxJi not eorabin® with such fwddo aoidi m rnrhonle, anlphartw*, 
or hyfrooliloroua, t&o.— that it, it« compound® with tints® acidi wm 
(IccciripcKiesl l>y water. It is also iiii|»ortftnt to that th« 

hydroxide h not scduldo in aqueous arnnioniir., 

Aiuminn, Al^n^ -that iri, iha anhydrous alumitiium cmido- i* 
mot with in nature, aomettmtw in a somewhat pure havmg 

cryitelltoiti in tramiparonfc cryataJia, which oro eiften by lin- 

pufitlM (chroaie, oolmlfei©, and farric er»m|xwftd»). Mneh «.!• ik» reby 
and sapphire, the formtr rad and th# latter hluo. Thoy li*f» a ipsii# 
gravity 4*0, oro dwtinguliihed by th«Ur vary pml lmrd»e», wfcieh 1» 
«»a;md only to that of the tUamond, and they wtpr^wnl iIms purtwl 
form of ttlumirm. Th»'y are found in tVylun and otlmr s»la»s4« *4 ili» 
Indian ArclujMdft.f|o, oudMMidiMl in a r«H'k loalrus <.\.‘rn-.r>lum mj !li« 

to, tli» W^lthnnWH wSnito llw» "'f «'.«*» « 5 »» 4 *la g-i** 4 

abil» wlwtt »«in *iUs;4 «m» 4 tplaf. I« U»® .4 fisjte*, e|*s 

gfWttWl felUr* l« witBsl «|, jpfcs il»B «lay; tJw»» ingfwxl-.a.filM 64 • if»,4Ws» t* 

tatewtl^ l»l»l tH li» t«ir***re, «» liMk* «4I U» «4 tita *|*j I* tfcl* 

«*»*», wl»te-fe »s»j ¥M*4*mg A 4l»#» «4 

«alf turn al s Wgh i® «!•» «j!}4i*4 mwtmm «4 cfcl** 

wi.h» I jutsf rstow. •iifck m 

iWd ris*«i»y»4 i» Omit mm, *m4 If# 

hwfcrf » wtiliM* *4 slfswii*.* vmkmm'-m§ «i*«» m hs^ 

wiib BssJial# l«i»i -■ • _ I in i'J-ioA, 


mmri/t which is found in crystftlUno asastes in A#k Minor ftml In 
MasHachuaett®, and owing to iti extroaio hardnw li om|»l«sytxJ for 
polishing stones and metak. In tkl« anhydrous and crystAllinw itete 
tho aduminium oxide i» a subrtanoe which very powcirfully reaiatt the 
action of reagents, and i» insoluble both in #f>lutions of th« idkalw 
and in strong acids. It ia only capable of fuming lnt<» aftor 

being fused with alkalia*® Aluinina may in) olttfunod in thii form by 
artificial incana if tho hydroxide 1 k^ ignittnl and then fused in tlte o*y« 
hydrogen flamo.®® Alumina al«o t>coura in nature in Mmbinath* with 
water— jw, for instance, in the rather mm minemlt hyimrytliif« 
(sp. gr, 2-3), AlaOa.SHiO - 2AI(H0)8, and diiupm'fi, Al,Oa,IIaO 
a* 3A10(H0) (sp. gr, S*4). A. lew pure hytlmte, with forria 
oxide, someldmes ooours in ma«i (at Ban* to the of Fmnoi) and 
is termed bcm^ j it oontalna AljOgjSHgO m AljO(HO )4 (ip. gr. f *6). 
When bauxite is ignited with sodium earl^nate, earbonie anhydrid# 
is liberated and the alumina then eomblnet with tho sodium oifd% 
forming a saline aluraioato of tho oxides of aluminium and sodium. 
This is taken advantage of in pmctioo for the propamtum of pur® 
alumina compounds on a largo scale, for Imuxite m found in large 
maasea (in tho South of Franw^ in Austria, and in OaroUtm la Sooth 
America), and the resultant compound of alumina and ioriium 
is soluble in water and does not contain ferrio oxide, Tbk soluti«in 
when suldectod to the action of carbonic anhydride give« a futMUfu- 
tato of aluminium hydroxide,** which with acick fortim uluiniuiuiu 

woight to 100 of Illuiinilu). Tlio mintlir,’ in juit into i, . Iny . im nn*! lo at. <! 
(for from lOOhourw to 0 Uttyw) in » mvorliomtoiy fiirn.n .i nt ti t. inj'iimtiuo lung 

1,800'’. At Um otltl tif iJio ciyornm'iit lhi> rrH>il>l.> w»m (omnl » .sjataJ. 

line nuuw, and the wallH weni rovon*,! with , ry^talu of tlm »nli) of a iK^antituI row 
It WM found tUftl the wstseBH of nmiut mr waa indt»|» ittirtMn for tl,«> Si* j, A«<"r,!)n|; 
tefrdny, the tofttaWon of the rnhy may Iwlmro oyi-lwtwl t,jf lUo 
at tl« tlm rarMet »»r at Itw htRli i4 llw 

twiattii! Mmi etil^ hydrofltt««k add gM, 

■ t»oih«»;4nl,iltif of *}»«>»«* 

IwnfeilMlUwli nwAlve wdhfdrmi* lUataiaa* wto iwio fit*# 

powte m«a» et dtusolt#* ta a mlstsw dt *k«wg w4 m «fc*tl 

©t water, «»p«Wly when h«*ted to a eto^d tab# »* wr;*". m wa«ii wtib 

aold ntd^ste'ot i^tAsdoxa (hm Oh«.ft«r lin., Note 91. 

The ^rifftmtlon of w^stellM idttmJfta te e» j*. «, m 4 to !t«l« rt l»t.* Whm 
elnmlftft, moiatened wl& e wtottaa of «tWt ioli, is pallid, tl tmm a W«» »•* 

“■ ‘ <tra'« Mdt, This eoloratlwt h tekoa ftd'mBl«p of «l| to A# art'*, aliMi l*»r 
■ - ' htag: ftlnmiaft from o Mrttty wwirti** li 

teeatoent ef bauxite to earrM eu «a a tatp twito, to t*» »I4*4» 
alkcte ediuitona to## frott liwto add*, bi««» la ii it 


*>««^** «srwvw**fc«^ «» |g^lk«»1tMMavUI9 

which itislf lndioftt« tho eoihuM j^roptr^y qf aluminium h^^dkvmide. 
The following point! &m ohamotoriitio of this oolloidal Btato • (1) in an 
anhydrotM state «uoh ft eoUoidal iut^taneo ia inaolublo in water, aa 
atamirtft li j (2) in tho hydmliid itato, it ia g&latinoua and insolubl© in 
water I and (3) it ii alto oapabk of sxitUag in wlutioag, frbm which 
tt iepwftti* out itt ft nott-ei^itolllni 1111 , 1 % forming a «ob«tftao® 
«rabling gin®. Th«ft diftrmt of ©dlddi wort dlitingiiM^ by 
Orfthftw, who p,vt thorn thft following very dbamottiMio namM. Ho 
wJiled the gektlnoni form of the hydmte i#. a gelatinous 

hydrate, end the ioluhlo form of the Wjueous compound, hydroeoi, 
from tho lAtitt for a Boluhlo Itydrate. Alumina remlily and frequently 
asBUutffi Btttttm. Tho golaliuovw hydrate of alumitia ia its 

hjdrogttj. It in, aa hai Imim altmdy menUtmedI, insolubla in water, 
nml, liko all hydmgeli, Aowi not tlw f«int«t «lgn of eryefcal- 

liaatims ; it i^ apt to vary in tnany of ite preperti^ wi^ the amount of 
wabsr it mriteiiii, and lot« to wftfcir on l|^toon, Imviag a wMto 
powder of the anhydrotti cwid% Tt» hydropl of dttmlttft k soluble 
both in aeids iind alkalli. It riiuy alw l» obtelnod % tht iraporaMoa 
of its solutiona in tuoh fetjbly energotio wddi m volatile acetio aoid, 
Tht'ai’ }*r<i|*rtrtii*4 are vary frwjUBntly made of! ii 

in ih^ pr^n^^'mm t/ iiyMinfft Iwauiis th§ hydrogiJ of alumina 
in jurt^'ii'itMing ailrat-ti » nuwW' of ©olouring mattere ftttaa thehr 
ftolutitm*, the preoipiteto bfeing that eolouml by the dfm attraetod.®® 

wilt VNfwm, M (wii td^lURM. X.Bfe|w dtetved MUaS b 

ite tasiMai wtifc l^Mi i adtate M mAa hfArwide fwn htlo 

^aita U I wBkwiil* m We te the 

«»f «sf»«» fctfwly pwii^feita4 sJboul twa-thWe of tbe 

ilaiittia# i® w» iWl ^ iwt4«w#l« »f stamiiw to 18 woI^uIm erf 

r»»jmiis»« in p«4mII«« T}4» Muifem t» ew|mr»4*tl tllfwptJly, anrf 
JIb «l»|e-e4ly wilh « ot N«iHO ^li 170“’ f» A clt>««d 

tn.ilej, «i*l i.ij *44a I,y4ri»b>«l iln, Ttt« gr**»4»r i>ar6 

t»| sW 4ie*-4»c4 •luwn«»« 4i»®»» pk, tkia by«lr«,b*l a«4 tt»« w}a|ton I 0 

#»w»| ».»e# •traits, Thu |j jslf fcefmrskl** tnw» It# atfcalto# »o!bO»w otwl*rffta 
ASl lifwfiwfito* t»p*f « ft#*! t« iiiB* of bf^rieftetl. Ii maf 

Ite Os« frnhum lirtwwia *«44«» hjcAwsM* awl eltwtoik is «©lttHo« 

S1#fc« WiA m»*'» at «T*S»f 

If iJw® hm I-* «, «as«»l»a to «ltali imMgm ata^Mw) «drtw« 

iilinisidata l» ttwm »yi4 »i*i* if* «ste«4 !!», ^wtefUm 

liy.l»uii.K •ffcta.fc »s»1wl*l» to i» wfc»^ 

wills * ml lfc« lAaiiM mA stemteJum 

it <mhk$h 


faot.s*> When precipitated upon the ibws of (c&Uooti, Hnerii, 

&a,) tho ftluminlura hydroxide rendert thorn itn|W)nn»hlo to water | 


Thaw, If orpmie edearing mrttom, weh m IcftweoA, asidtlw, *e., «» ta 
of ms «JamlalMn tali, tad tb«a an dbal! i» widad, m tbal ftlnwlna may l« 
th»« idgmuak, which ftw by thmaeWfta nolutdc in water, wtll mnwt ch'wn with tlwi |»»* 
elpltate. This Aowa thal tUamlna la ahlo to <H>w»liln« with thncolottrini? n«ltor, itnil ihal 
this oompoand is not theompfwed by water. Th» tlyt»8 then b«»m« ls«»<*lMhl» 1« water. II 
$b dyft l» niisttil with fit&rch paste and aluminium ucetete, wd Ihes, hy »«»* ef 
«ngrttY(ul hliwk# huvitiR a design in rtdiuf, w« tmiwfer this mislar** l«» a faWla whwh l« 
then the ahtniltilurri sceUte wilt te«v*> th» hyilr<»gs*l of aJnmifW which bind* lh« 

colouring matter, and water will no hu uble to wwdi pigwwtl tmm the 

—that Ib, ft fto-oftl W ‘ Used ' dye l« obtftln«d. Xn Wia «m» 8 »l dywtnf m hbria m miltmm. 
tint, it ia firat in ft adIttUtm of ftluminiuni ftmtete and tbmi dtted, by whiih 

tnmna the Metle Mid i« driven a% whQ« th# hydr^fiil u! ftlumfuft ftdh««« te the ibrmerf 
th« material Xf the lfttt«r he tbm pMiied thmiigh a aMlM ef % dye tn wttar, 
former win he ftttmMl to the porttove eevmed with ftlnw^ Mdctely attiM* to ‘fym. 
Jf owftftln pwpte of the taatoriftiltej^tootodhf the (!i®|^kmtlo«irf lift 
OAOti, oxidto, ottrlO) dm. Cthese ftoida being ran’VoXeUto), the aimititea wfil he 
in those parts, and tho pigment wiU not «o ^t ftlto« wruhlnt, a 

will he obtained on those parts which have imen m protoetod. 

In dye-wor)(H the aluminium aooUte is ganemlly nhteinml In solnUon hy tehiBg a 
solution of alum, and mixing It with a eolntlon of lead m^etate. In this mm toad 
sulphate is preolpltated and aluminium ftoetoto remains in solution, bother with elthM 
ftoetftte or sulpliate of potassium, aooording to the amount of awtato of liiad drtt 
Tlmoorapleto deocimpositlon will ho as follows.* KAltHO^), * al»li(CjHA«,t,*«KOjIlaOs 
•l>Al{0«lis09)g+flPb804, or the less eomptotedM'omposillfin,8KA!(HO|lj v itPNtbHgOfl)® 
»8Ai(CaHa0g)j+K8804 +8Pb0O4. II the resultant solution of aluminium aoetate Im 
evaporated or further boiled, the aeetio acid pasoes oil and the hydrogel of alumina 
remains. 


As tho salt of potftaslum obtained In the Hntutinn p«»»f>it away with tlm water ti««1 
fof wasliing, and Urn salt of Iwul proolpitetwi has mi praotiral u»«, thu m( Ui.«l f..r the 
preparation of aluminium ftooteto oammt Im c.iiiBulnriHl »H'nii..iiii, ,il ; it j., i,, the 

prooOBB of dyeing mainly hcH-amm bnUi tlm »nltntnin.I..y...l, ahim im.l •.u,i.ir..{ l,'n4, i^aady 
erystalliso, and it ia oiisy to jinlgi' of tlmir .if j.mily in Una f.inn. St to 


very important to omplny pnwi n>»H({.inte m il). ■mg, d inu.m.iy |.rp«0iite aueh 

M a eroall quantity of an lr»tn romiMimid tJm tint nf iht. dj .. n)mnK,.» ; ihu* iM»4.1ofa 
a tod eolour with alumina, hut if nxidn of iron b.« pruwnil tlm rod rl!an|{..B Snki a rtuW 
Mt, Thi el«M»latal hydroxide is sulubto in alkaiu, whilst torrin otido to not T hrre - 
to| the dissolrod et»m|sm»d «d alumiu* and p&mUe wi*k— 
ffWltoldi-il- to#tlb^ ft'Wl totu.xito, is tn df#lra, EvBfy 

" idtaStoliftl ,i^ A toltitell «»taW»* sodium alumtoate ff»« ttmi inm, »hi«» ii to 

'^mtoea mm et ea««ft loda; This eolutkin, when wI,*«m-i with a <d 

+IM:|01®tAl(0R)3+Wrftai+nre»0H. Th«ro was tows ftwk, ami Itot 

- ftddltton ef ssd'Mtnnwntae there to tm amnwHia, and thto d*^ dWw. eJumii*. 
therefore the hydropl of the latter to prouf|*lteted. 

w Another direct method (or the ptparaUwB qf |«ro alRmitdcM wwjpautwto 
^trwtme^ ol r^oKte oontatote| alnwWuffl with wiiu« « 


The hydrosol of alumina— i<j. tho aolublo aluminium hydroxide — i$ 
more difficult to obtain.®* In order to obtain thia solublo variety of 
alumina, Graham took a aolution of its hydrogol in hydrochloric acid — 
that 18, a aolution of aluminium chloride, which ia able to dissolve a 
■rtill further (juantity of tho hydrogel of alumina, farming a basic salt 
haidng probably one of tho oompoaitions Al(IIO}Gla or Al(Ilt))aGl. 
When such a aolution, considerably diluted with water, is subjected to 
dialysia— -that ia, to diffhsion through a membrane “—the hydroohlorio 
acid didbsm through the membrane and leaves the alumina in the 
form of hydrosol. The resultant solution, oven when only containing 
two or three per cent, of alumina, paaaos into the hydrogel state witih 
such facility that it is sufllcicnt to transfer it from ono voesol to 
anotlu'r which has not been previously washed with water, for the 
entire inaBs to solidify into a jelly. But a solution contfuning nob 
more than one-lmlf j)or cent, of alundna may even bo boiled without 
coagulating ; howevor, after the lapse of several days this solution will 
of its own accord yield the hydrogel of alumina.®* '>*» 

*• Crum first prupawl & isfinUon of bnalo (UJoUte of Rlamina~“thft.li fa, s imJfc ©oniiUiimgr 
«iq Urifo na poBaiWo an oxioati of aluminium hyc1roxulowilhi».Hfimall as poaoiblB a. quantity 
©I tiofltlo aoitl. Tho aolution nnwat bn dlluU>--tlmt ia, not contain mnro than on© part of 
alumina jwr Stilt of walor—and if thia Bolulum Ihi Imatotl itt a cleiHfHl vocboI (mo that th© 
acotio acid cannot cvaiMirato) to tho boiling imint of water, for non and ©half to two day®, 
tlicn tho aolution, wl>irh apparttntly renminu unallorcd, lirncn ila original aatringont last®, 
prniKtr to aolutitmn of all Urn aaltH of alumina, and han inatoad tho purtdy acid tasi© of 
vinagar, Tho Kolution then no longer csontalns Um aalt, but aootio acid and U>© hydr^l 
of alamiim In an nnoomblrxKl atat© t drsy may b© limlatad from each 6tb«r by tmpmvb. 
iag aMtlo add In abatlow veasala at tbs ordinary tampimttuta, and wttb a thin l^nar 
of liquid tb© alnmtna do©» not eoparate an a prodpitata. When the add vapemm ©mm to 
oome off l^ere remaina a solution ol the hyiroed of alnmtna, Vhddb is MoIom «md hat 
no adion m litraa» paper. When ©onoeatrated, ihi« sdnilon acqnirM a mor® and mor© 
glaoy eotmistenoy, and when ©orapletely evaporated over a wator^hath It leavee a non- 
oryaWiinR glue lilto hydrate, whoee eompoBillon le AbH 40 fnAbOg,&IIsO, The amallwit 
quantity of alkallH, and of many a«id» and ealte, will convert the hydnwol into tho 
hydrogel of alumina ■''that la, convert tho aluminium hydroxldo from a aolubl© into an 
iuaotubio form, of, «* tt la aald, canau Umbydralo loeoagulatnorgolatiniw', ThoMnaUeeb 
Mnmmt of nulphurio acid and lt« »all« will cauiwi Urn alumina U> gi)latini«»— that 
Mttw the bydrtifwl to separate. Many aueb ©olUiidal ucdutions are known (Vol, I. p, 
Note Of). 

»» In ft dWy»w, Voi. I. p. B8, Not« la 

*# Tho difflwroftt utalM in whbh Urn hydratoa ol dumlnn oemt and aeo 
twembb* »l»tkr varioUwi M th« hydmbw of Ut« oxidm of hwi and ohip««lBm, of rndybilo 
and lUBiftlio add*, m well m of pho#ph*Mrie and dliete adds, of mmy udiphliM, ptotdd 
aulmtaoijei, &«. Wo ©hdl thweftw*® have twswioa to iPBoaif to Ikk wtbjod In ^ further 
©Mtm ol work. 

The t»Mt rmarkftblft fwmliMity of Oraham'ii adtatte ie It eoUd^M on Utnrai 


eapooially wtien heated,*' aa well aa douuii ana i»sto miw,” «o tAat %$ 
forms a dear emmple qf a feeble bme,"^ To tJbi»o ohamctaristio* of 
alumina we must add that it not only givM oompouiid* of t.h« typo 
AIX 3 , but also the polymeria typo Al^Xg, mm when X ii i. simple 
univalent haloid like ohlorlno. Doville and Troo«t ihowiid (1867) 
that tho vapour density of aluminium chlondo (at about 400") ii 0*37 
with respoot to air—that is, nearly 136 with rospeot to hydrogon, and 
therefore tho formula of its raolooulo ii exprosted by AlgCI^, and 
not AIOI 3 ,®® although in. the ease of boron, arsenio, and antimony, 

be by e, Blunor ooetio sold wilt, a hydrosol of alomtea i« ohlalai^ «rhtoh 4 m 

not aob upon litmus. 

Oompovtnds of (dumlna with bMo« (idUHilnateti, m Note M) mm ms«tll»w msl 
with In naturo. Suoh are eplael (leo p. 68), » Ugklfit, Aiyiehwfyl, 

BoAkOi, and othsrs. Hognotlo oxide ot Iron, FeOfl'e^OsMfeaO^, end MAfOwadt Ite 
it, belong to the eiune oImw Here we evidently have a ease ot oombloatiiM) ' by 
as in eolutiouR and allays, aeoompanled by the fortnallon ot strleily tiefinlto aaline «m> 
pounds, and sneh Instances form a clear transition from eo.oalled soluUone end eertala 
mixtures to the type ot true salts. 

Not only alumlnlnm ooetate (Note S4), bat also every other alamiaium Wit with a 
volatile aold, parte with its oold’on luMtlug an imueoue iK4alion~>>that is, is 
by water, and forms either boelo Salla or a hydrate ot alomlna, By dtedvtef 
•lominium hydroxide in nltrlo oold we may easfty oblala a weU^erystallWag aitmifdim 
fi4trate, Al(NO8)j,0HjO, which (uses at without deoomporiaif (Otdway), gives a 
baste salt, QAkOjiflHNOj, atr lOO®, and at 140® leaves the aluminium byth-oxitlH jw.rtm-{ly 
free from the elements of nitric cold. But the solnUons of this salt, like those «>f the 
aoetata, arc also able to yield aluminium hydroxide. Prom all this it Is eviiUxit ehnt 
wo must BuppoBO that the solutions of this and similar salts (-onlam an e.jtiilihrated 
dissoointod ayuloin, oonlainlng tlio salt, the acid, and tint haso, multhnir i >inip.<nnds with 
water, as woll m partly tho mohiotilos of water Htich exumpiss mni’h nwru 

olearly confirm Uiobo coucoptions ot solutions which arc given In U»a flrat, limi'ltur Utm a 
general preliminary acquaintance with the suhjoct con do. 

As an example of native baalo salts w« may cite «iiwnifs,nralttra sfcmo |®p, gr 9«), 
which Bometloie* oooura in hrystala, but more fm|uently ii» fibrous m«^s. U baa t»«» 
foxmd in masses in the Oaueaeas (at TiagUk, forty vmta dislonea from «n4 

4t iColfo, near Eome. Xte eomp&dtbn i« E30,84l30:ti4H0^.nH»o (olunite oontAioa fiit /)). 
tt fs soluble in water but not deeompoeed by it, but after Wing d^blly if tuM (| givKi 
dp alum to ii It may be arUddally prepared by heaUng a m4xtu» »if otsus with aluwi.. 
nium sulphate in aeloeed tube at MO® 

« As the colloidal properties are partioularly sharply 4«veb»jp*| iti Amm oinbw 
(AJaOg, SlOj, MoOg, BnOf, &o,) which show (Uk# wMer alw) lb« j^pwifcwof baaoe 
and feeble aolds, there Is probably some eau^ im»«si tm ihh mdmAtmm, di mm» 
eo since among organio sttbota6oes--felatlnft, adbumln^ rsprwwwtoUvsa, wf ib* 

eoUolds also have the property of feebly eombiai«| wllh ban* s*d mM*. 

»» Sinoe Beville's experiment* the quettk® of the liearily of sliiwltituia MtwUm iw 
been frequently reinvestigated. The subjeet has mow wfwWIy altatkw 

'Of iTttson, Bettersm, ffriedel and Orofte, and T. Mey«r airfl Mi wdWtamtew*, l« gww*! 
It.hae b««a fooad ^ at low kmperatum (up to 44^) tMi M u4 


(uuigHi&vei cb wftiinb c4f'![iusjHigrii^0.&inii |iruuau</ m m ugb y@i 

ooirtiiln) tiiknu iiltioH nt highwr ltimiu'rftturt*B, wul IUh moleoaUi AlClji ia obtainfed. Along 

wi^ tliiH tUoru Iitti liijon, wid tdill im, a »Jiggronco of (tpininu an to tlu) vapour dinrity of 

dominium othyl and mftUyl--wl»jthor for inatonoo, Al(CHj)5 or AlafCHalfi ospressM Uio 

molooule of Uia bvttor. Tb» ijiten'st ot Ihoaw rosoarcIuKi ib inlimalidy ooruntotwl with tho 
qnoBlitm of Him valotioy of ftluminium, if wo hold to tho tipitiitm that olotnonla in their 
VfttiauM ooroptmnil# havo a eonnt&nt and «trkUy doflnitu valoncy. In thia catm tho 
fmr^ultt Aids oi' Al{CHs)s would »li«w that A1 in Irivateiit, wul tlmt ctmBoqmmUy tlia 
oomponndii of sduinialum cunt AUOH)si AlOjAl^ and, In gotwrdt AlXs. But If tho mol^ 
culo lio Al^Clfl. it ii'— for tha followers of the doelriuo of th® invwiftWe vdeney of the 
el«nente“-lneompatible with tho Idea of ttwi trlvaJency of aleminlttm, <tod th«y Aftiume 
it to bi gnadrivdmt hke mtiehm, Ukwlni AltOlg to ethm C^E^aCHsOH^, dthough 
Etis tea mot expkln why A1 does not form AICI4, or, In pnmd, A1X|. In thin work 
MJOtbor snpffosition Islntrodnoed ; aoeonling to Ibk, although aluminium, m m> elomunt 
of group TII., give# eompoundia of tho typo AlXj, thiw cloea not exehide tho poasibiUty of 
th#Ki moh»oulo« oombiniitg with othors, and «<>n«otp)ontly with mek o/JW— tlmt ii, 
forming AljiX^; jntit an U*tt niolomdcM of univalent oloiuontti osiat oitlior wi llj, CI3, A'O^ 
or M Ntt, and tho molm'Uldii of bivitlont 4ihiin«nlu oithor a.« Xi>, tir m H.j, or ovon H^, In 
tU« fkdt plMo it muntlm jHHtogniBotl that tlm limiting form doo« not oxlwunl all jHiwor of 
owttibiuation, it only oslmosta tlm oftiweity of tlm olwrnent for combining with X'«, but 
the iwturat^ Aulmtonoo my dtorwords (Himbinn with whale ffudeeulea, which foot (s 
best proved by the oapaeity of eubetamwa to form eryatoUitm ©omponnds with mtor, 
ammonia, &o. But b mm unbutoneM thk foenlty tor further oombinaUona in Imu 
teeloped (for inntonoa, (n oorhcm tetroohlorlda, COm, whil«t to ottee ft to more m> 
AlXft oombinae wiUt many other moleouloi. How If a lialttog form, which dow not 
ootablM witli new X'e, nevertheleMi oomblnee with olbwr whole mokonloa, it will 
naturally in ecane Inetonwa ofimWafl with itself, will polymerise. In thto manner the 
mind cUwrly grospe the idea Brat the mtim tumm which cmuto Ug to tmiU iteelf to Clg, 
or C|jI4 hi Clg, Ac,, alwt unite moliwuleH of a Birailor kind UigetUer ; thus pol^merlmtt&n 
»M«i hi Ih! an i*<4atod fragmentary phonmnimtm, end cbemirol eombinaUmw ‘by 
onaU^y' ocfjulre a parlletdar and important Intwel. In conformity with Utowj viewa 
toe fcdlowlng pro^maiyon may he ma«to concerning the compounda of oJumimum. They 
Me of toe ^fp« AiX* to toe UmJt, like BX®, but tlw»e Umittog forme or* »tlU able to 
ewtltoM to tmm AlXs,E!^ and toe oltttttolam t^orkto to a eompmmd of toto ki»d«Hl,#. 
(AEyt> horm, to mtompto, to BC1» thto tondMN^ to tom totoor Mmpomde to 
Iwe teetoped. Khmc honm d^id« aiipoam m BGkh tmt (BCl^ l^dymetiw* 
tlm to not only powfhto wbm a sntoitonM b»i not attob^ to# Itoutl (altoo<t^ ft to mere 
pol^bto toon}, hnt «d«o when the ItoMi^ tom ho* be^ mtohed, if only toe tottor ho# 
to# foeolty of eomWnlaf wlflt othm' whole moJeotttoo. We may th«r®to# ©osclad# that 
alumiftinm, like bortin, to trivalent In the ootnc mwm that lithium Md Bodiom or® 
nnivalent, mftjptPBiuto Idvolent, and corlwn tetmvftlent. In a word, Ihtire to no rea«m 
to wmakler tliat alutniiitum le caimhlo of (onnlng etimpounde AIX,, and In tliot way to 
ejtidaiti Uw exietenoo of Uw nudecule Al®t!ts- VurUiermoro, there aw many rtfftwitm for 
tWwkhii ll»t AlFf. Al/is, and other emplrioel formulm do not expr«« tho molemdor 
,^lghts of U»«e ejnsgamnda, but U»l they are much hlghw: AUFa», la 

iPMKftI |««ii oonviaelng pr«*f» of the trulh of toe ^»v« »t»to»«»te have bees c^iWned, 
«b 4 tof tta tttdep«»tel ftsttotunea of AIX3 In a utote «f i to Comb hat d«l«^ 
mtosi to# 'n^tm denaitf of the vtdaAito owtyl of alamWaw AlCQ^KfOy* 

<whteh melto at bott* at nr, #8*1 dlatU* wltootil a tm«e of hW 

found toot it ootif«^^«»4s to toe ftb<»v« mol walar ^ ^ «to«f 

and Iteft* {iwm) by th« »stoo4 df « 

Bdlutbstt (Chapter t, Note ii) found that to« W* Alrf^uk* 

to to# tope A«S# Thm it way now b« tort m mrtewW 



witn otuer salts to rorm aouoie saiw aua wim mummmm aj^urusiae 
itself , to form basic salts. 

Aluminium mlphaie, Ala(804)g, which k obtainetl by tr««,ting ohy 
or the hydrates of alamina witti gulphario acid, eryitallwios in the odd 
with 27H9O, or at the ordinary temperatur® in pwtrly oiyttal** wluoh 
are greasy to the touch and contain lOIIaO.®® It* lolution* aefc like buI* 
phurio aoid—for instance, they evolve hydrogtm with aino, formiof 
basic salts, which are somotitnos met with In nature {eduminits^ 
Al803,S03,9HaO, alumiane, Ala08,2S0a, and othow), and may Im ob. 
tainod by the deoompodtion of normal salt® and by the dimetidution of 
the hydroxide In normal salt® • thwe exhibit a mrying oom|>«itlon, 
(Ala 03 )„(SD|)m(Hg 0 ),, where m/n ii less than 3. Aluminium sulphate 
is now prepared (from the pure hydrate obtsdned feom bauxite, Not# 
SI) In large quanMties for dyeing purpOM (intrtMd el adumi) m a 
mordant. With soluUons of the alkali sulphak^ (poiMduiat ndtuMt 
ammomum, rubidium, and omsium sulphates), the normal ndt Mslly 
forms double salts, termed oift<nw— for example, tlm ordinary cryitaUIne 
alum.oontaius KA 1 (S 04 )j, 12 HbO, or Ka804,Al8(804)3,24Ha0. In the 
ammonium alums (which leave a residue of alumina when ignifeid) 
the potassium is replaced by ammonium (NH4). Alums are wed 
in large quantities, because there is soaroely any other salt which 
orystaUises so easily. In thk respect the alums formed by potaaslura 
and ammonium are equally convenient to purify, because they pre- 
sent a considerable difference in thoir solubility nt the onliimiy 
and higher temperatures. If the crystallisation bo ciiuthi.'t<Hi rupully, 
the salt separates jin miuuto orystelH, but if it Iki Kluwly tloponit^Hl, 
especially in largo masses, as in facUtridH, t!>e»u cryHtaln tit'vt»ral (Hsntinu'tnw 
Jong are somotiraos obtained. At a higher tenipornture idunm aro very 
much more soluble, and crystallise with gr<*ater dillitHilty, ami arw thorU" 
fore less eosi^ freed from impurities ; at 0® 100 parte of water diwolve 
8 parts, at SO? 22 pmrte, at 70® 90 parte, and at 100 * 8ST pwift o| 
potoiskl'utn alum.** TPhe solubility of anmonium alum !• «)% htly la*. 

** In tee ease of giUUwn, m a «los« »( nJamiainw, 

(1S0O) teowea teak ptoteWy laaclefiola pOlinw ehtenA* st b*. !•». 

pemteren ana WgH pMnvme, and kbnk Ik disiKwlntea toto SwClj 

low pressoirae. Tlia moloeuk of bdi om ehloda# mmm to «*i»l oyi to Hm fows, 

XnOlga 

** The pure eelk (I6H9O) to no! byposeapte. In tee rf towny** llit 

«#wunli.«f'wftker laoreii«®8 to WH4O, and tet» «fclk bypw^tt^, 

The oomroon form of wyetota of aisms to ©rttedtol, btt lltlito rfaiMi » 

tomiLn 8»««aa eJuwiiwii kluvixa. a ......... .... 


puwwu parviauy emorwow woea exposoa to 
th© ftir, and Ioge» 9 mol. H^O under the reoeivor of an air-pump. At 

100®, dry air passed over alurui tokos up nwirly all thoir water. As 

wo have already montionod (Chapter XV.), tho law of isomorphouB aub- 
ititutions oxhibita itself more clearly In tlm alums fclmn in any other 
BftltB, and all alums not only contain th© same amount of water of 
cryitallisation, ME(804)al2Hab (where M »» Kl, Na ; R »» Al, 
Fc 5, Cr), and appear in orystaJs whoa© planea are iptoUned at equal 
MjglM, but they also give ©very possible kind of isomorphoui mhxtura* 
The aluminium In .tiiom is msily replaced by iron, chromium, indium 
imd iomefcimes by other metals, whilst the potassium may be sub- 
tfcitutetl by sodium, rubidium, ammonium, and thallium, and the 
sulphuric acid may be replactod by selouio and chromic acids. 

Aluminimn chloriilv, AlaCl,,, is obtaine>d, like other similar chloride^ 
(f<»riuHtonc(' Mg(’lj)eitlusrdirt<ctly frotuehlorino and tlio motal,orbyhoat* 
ing to rtitlnw» an intimate mhtturtjof th© amorphous anhydrous oxide and 
charcoal in a stream of dry chlorine.*® The resultont sublimate is very 
volatile,** and forms a erystalliae, easily fusible mass, which ddiqucseee 
In the air and easily dksoivcsi in water, with th© evolution of a large 

wld Wmn Ui liauonui di«n it wwily forma (MmiblnatkmB ol th® ouha and oota- 

iwlrttiii ami tlrnmt ^luma ar® ealM 'oubb* alutuii. Tlmy.art) valuml by tha dyer bocaow 
tlmy ran l oiiUiii no irmi iti wduUtiti, for o»ido of iron Ib j,>risol^lUt®il before alumina, and 
{f thtt kn«r Ixt in okcom Umro eon be no oxido of UtJti (irofient. Tlicm alums were long 
usptJirtwid friuu Italy, whero they wore preivored from alunite (Not® 88). 

M It l» oIm formed by the ootion ^ hydrcwblaria ooid upca metalllo edumiaiam 
iHiboa Mwl Pettetwm), by bmUi^ okumlna ba a mlxtSM d Utts vapetm cf nAj^thdiM 
and BOl (Pmm, IM), and by the otdkm cf dry ECd upce im oUcy of 14 p.a, or mors 
^ A1 sad (Mototy). 

n AJIttmlttlttm oblttride fasoB al Iti®, baUa at lit® (presswe tfU «m,, at l®8® und«r a 
prswure of 8M mm,, oud at 818® aadi* %m mm.), aewrdiiag to Fri»del and Craft#, so 
mat it Iwik immtoiiikily after hwl«m. According to Ssubwt and Pollard (1801), AlaOl# 
fuwm at lUB". Aluminium Imtmido fuB« ot about M®, and f^e lodld® at 18S® aeoordlng to 
Webt'r, ot 18". mi’iinbug In IHivilln and Tmmt. 

All liiilitjtj’ti cnmiMiwiMlB of alumiuiunj orti oolublo In wotor, dfutnt’nium 

Ayiumtf, AlFj lAUl'V). itiwiluUo in water. U la obtainwl by dlsoolving alumina in 
h|4rt»tt«»tiu «< id ; a boUiUoh iw tVmn fonncil, but it ronlolna an excMwo of hydrofluorlo 
acid. Wb*>n tlii« wdiitom i« otojBfroUwl.tJryatalBmiulaining AbFfl,nF,HaO are obtained. 
Wiey tm sdwt mwdubto iu wator . Ily wturoting U»o rVkivb oolulUm witli o large ciuontity 
cf nJlBwfaa, Mtd tH«»n evaiwaUng. wo obtain erystale Having thccompoftitom AJaFgiTHiO. 
All tbew when ignite, l»av« Imwlubls onhydrottt olumSalum fittwdda It 

loftiM eok»urle» rhambediedro, whicH or® tnwi'Volalile, of #p. p. S'l, and ww dteewmoisd 
^ «to«« into ftliwiitta and hyte«e*»rte ael4 Ths odd tdatlw a|tw«tt% coallto a 
whk'h has it* ««rri»*p»dl»i; «ali«} by Uto iAM.tek w a KtdaUo® ot 
ft f»laiint«a pw«lpii*ta d AlKjF# i# A sbaOiMf ecmpcttftd cwm l» 





and aiuminium nyaroxiae are juu^ u wmtwn n® 

heated in a oloted tube, with m mcm of bydrocblorio aoid, tbio, on 
cooling, orystalB of A 10 l|, 6 H 90 are obtained—ihat is, Alurabiuco 
chloride both oomblnwi with water and is {iwtn|K»»i by it. And tho 
fftoulty of the type AlXg for oombining with oilifr moleeulei it m&n In 
the oompounds of AlCla with many oUier chlorine eotn|K)u»d*, Thus, 
for example, a mixture of aluminium ohloHde with sulphur totraohlorido 
gives AlgOIfliSOl^, under tho action of chlorine, whilst with phoiphorui 
pentaohlorido it forms AlClajPCla ; it also oombinw with NOCI. Thutf, 
the compounds AlGlj,N001, A101g,P0CIj|, Al01j,3NHj, A1CI|,KC1, 
AlOlgjNaOl are known.®* The oompound of aluminium and iwlJuro 
chloridwi, AlNaOl 4 , is very fusible and much more ttabla in the »ir 
than aluminium ohlodde l^lf. It items to be of the mine type aa 
the alums. This compound, AlNaOli, is employdi In th® «sto»etlon 
of mekUic, aluminium, as we ehall prmnUy proomi to dMortbe. 

In UUe Mspeot aiamlntam olUorida memUwt Um eMar*aah3nidte di wil«, 
and pmbably In the aqaeons solution tho alomonts ot tivo bydmhbtrto aotd m aIrMdy 
Mptutciecl, at kfuit piuriially, from Ibo alumSalatn bydroxitk. The Mluttei may alw be 
■obbainod by tho notion of oltunlniam hydroxUk on hydroobUwk aeld. 

Here we e«e on Inetanoe In oonflrmatiem of what h»« been eaid In Kola KWia, the 
aotlon of the moleonk AlOlg. We wUl olte ettU anomer iMtanw mmRmiaf the poww 
of damlna to enter into oomplex oombbatkne. alumina, moittomd with a eelalfoa df 
coloium oblorifte, give#, when ifnltod, an wahydron# eryslalUna eabelaaae (leteah#ii^), 
whioh le aolobk in aioldn, and oontaixve (AlgO|)dOaO)ioOaOtg. Even day fmrme a eimiiaf 
■stony tubtttonee, whioh might be of praotl^ nee. 

Among the most ootnpkx eompounda ol alunatnlum, aft'ornarfne, or lapk tasull, 
meat bo mentioned, It oooure In nature near Lake Baikal, In eryaUIa, miiun fnlmukaa 
and olhorH of varlouB tintfl—grean, blue, and viokt. When luvaUel U 1 hm'.iiiu»i dull end 
obquiroB ii voiy brilliant blue colour. In thi« form it ie used for onminents dike »iirtla« 
olute), and ivu a brilliant blue iiiKinont. At the preneut lime ultramenne le p,><|.«rmt 
artificially in large quiuititica, and tliin proeeHM in ono id Uie im»il imj,»>rleMl <'«iii<{n«ila 
of Bcience! for tho blue tint of uUranmrinn ban lK<eu the objiH't of many wiknlilk 
researebea, wlileli liave ouInilnaUnl in the iimnitfneiuro of thin tmltve HidintArm# Tim 
moat obaraetoriatio property of uitrnnarina l» Uiat when jdwial in Milphufk arfbl (t 
evolrea hydregesn enlphlde and becomes oolonrlew. Tl»ie ahowa that lh» bin** wltmr at 
nltoamarlM k due to the prt»eno« of eelphMtta If clay Im hmiml In a fnrmw with 
•o^mm wlphato and ebaroma (fomlng aodinm anltthhkl wiiimui nf air, a white 
tmuM ie obtabied, wWeh beeemw fretn when haaW in the air, a»4 »}m« wiih 

•water leavea a erdomfkM aahstaaee known as ' white nUramarin#.' mm% ipiiM in ilw 
•air it abeorbe oxyg«M tnmi Uaa The eobwalien i« awibWI to ih# nt 

met^o Bolpbldee or polpnlphlde#, but it k mott pretwWa that alliwn unlphkl#. m iw 
oxyaulphide, SiOS, k proeent. At all events Ih# salphWitt {day w Sm|wrt««l part, bn I 
tho problem is not yet quite settled. The fwmuk N%A4»ti%8 i# awlhwtl k> white 
dllramorine. The green probably oontelaa mm wlphiir, wd «» Mna a ellll hjeg^ 
quanti^, The last is supposed to eoatatn It k «k^ pt»»at4» 

. ifaooordlng to Ottokelberg«, I88a) that the df Am Wa« 


Metallic Aluminium wm first proparutl by Wbhlur in 1B22 aa 
a groy powder by the a(3tion of potassium on aluminium cbloridp. 
Ho afterwanla (in 1845) obtained it a» a white oompaot faetal, 
unoxldlaaUo in air, and only slowly attaekod by aoidg. Owing 
to the vast and wide oeeurronoe of olay, many efforts have been made 
in investigating in detail the methods for tlio oxtraotion of this metal# 
These efforts woro brought to a suoceMfuI isauo (1864) by Sainto-OIairo 
Doville, who i» ako renowned for bin dootrinoof diKHoeiation, Exi>oii- 
monte on tx largo icaln have proved that motallie aluminium, although 
|K>MewiKl of great lightm'JW, atrength, and durability, ia not so gonorally 
iuitablo ft»r toelmioftl pur|iwt« oa woa at flrat thought, Nitrio and many 
other aoklB, indeed, do not not on it, but the alkali*, alkaline mb«tane®i|i 
and even salt*— for hoitMio®, moiat table salt— humidity, (Sm.,®* tarnhilfe 
it, and bmod ob^Mta made of aluminium auffhr at the'turlao^ alter^ 
and oonnot, a« woa hoped, replao© the predious metak, frqm which ii 
diffari in Iti extrfjma lightnea*. But the alloys made with aluminluHi 
(e«|»mlly with oopper, for example aluminium bxonso) are very 
valuable in their proportiM and application*, 

Tim Ueville method for the preparation of motalHo aluminium k 

ki orflawry liimjwmittw nJteaiiRJam diwi teat dwmftoMi wftrte*, bat W a small 
etttatiMty df IWltoa, ear of h^rioAte mW asfl lodlae, or of jdttwtnlttBi b<M« aaS Iodine, IS 
ttdted to ttw wfttor, tbw 1» ikbajadmlly evdlviA It to that 1»«® Iba 

mmMcm proo^de at the aapenee of the Iwrmiktloa of AJyC^ wad-'lhat thto enhetMaoe, wltHi 
water, flt«i «4«mWwtt hydmjtide a«4 bydriWUe add, whieh, with altuniniam, evolrea 
hydrofeo* JdamWom proUMy betoap to Ih^ metal* havbg a greater alBai^ tc0 
ouypn than for the Iwlt^en* (Note 08 W). 

A« wi e*iwn|»le we may menthm that if meronry ootn®* In oontael wilh metoUht 
iUmninitim an>l oBi>w>Wly if it Iw rublwl upm Urn Burfftoo of aluminium mototoned wiUh 
a thlulfl arid, iho A1 IwHimos rajiWly ctsiiaiaed (AbO* being farmed). Tlio OKid&tion la 
by a very euriima ajijmwranoe, m it wero of wckiI (at for) formed by thread** 
©f «aM« of aJuminlutn gniwirtg ujam tlm meW. Thla w&* first itolntod out by Ca«* la 
tmo, wdi eulwwiuwttUy Itf A. Bohaloff in im. This intewUog and oorioas phoao^.’ 
iKMwm ha* iu>t to my hnawWlgo Wo forthw etudied. 

I tW-wb it »»oft*ay, however, to add that aeoordlog to Ijobbeet a»d Eaaeh^S 
(Wl), wine, «»««*, milk. oil. haw ao mtm Mttea upoa aIo4 

ttlaiom vttawil* than Bp«a «o|»p«r, Mo, a*d other aimilar artWw. X« toe eooiite ©f te«» 
wmOw ««itoa»y viotpr dtoijalved 0-M fm. A1 owUmetoe, whOrt a ® per eeak 
wdoWoo of «wm«a aalt dkwfdwd abool 0*W ftm. of rtomWom. WHe (18W) 
^wed that AS to Mtod ««» by ollrte awd wljphwto »dd% altoffl^h only utewly (©wing to 
tow l«nm*to» of a kyMP »rf !«, m to Chapter X¥I., N<rt© W) aod that the tmxMm pw# 
»^y tavawo or ta the ©T mtidWog *fwte. Al fa evea 

by walw OS too btti the this eoatoig et elasdsa Aamed pmouft 


is obtained by passing tJie vafitmr of alumimum ctiUmm (ovoiviKi from 
ft mixture of alumina, oxtraotoi from bauxite or cryolite, with 
oharooftl ignited in a stimra of chlorine) orer ml-hot salt, whim tho 
oompound AlNaC^ is ittelf 'roktilbad, and may in ihi» mRiinw \m 
obtidned pur©. A mixture of this compound with mlt »nd flunr tspar, 
or with cryolite, is hofttwi witdi ft certain oxcw of fiwlium, cut into 
email lumps. < )n ft largo scale this operation ia csxriiHl on in b| wial 
furnaces with n small acotws of air and at a liigh t®ajp«rftturt». The do- 
composition tftkia place chioUy ftcc(»rdiiig to tho tnjuation NaAiCli •+ lINa 
*4NaOl4'Al. Neither charcoal nor aine will ntlueo ll»e o*yg©n 
compounds of aluminium ; oven sodium and potejaium do not act on 
alumina. Moreovtr, mtfcalUo alumininm, like miiptMum, k able to 
reduce e^en the metals of the altodii from their «yg«tt cotofKiuwl*. 
IMs is connected with the fact that atom of mjiw wolvta 
more heat in combining with Al (and Mg) than it Hqm in mnynln^ wi^ 
other metals t whilst on the other hand, ehlonne (and tb§ other helo- 
gens) evolve more heat in combining with the mebitk of the alkali*.**^ 

Since the close of tho eighties the metallurgy of aluminittm hM 
taken a new direction, based upon the action of an eloctrio ourrwt 
upon cryolite at r high temperature,®’^ and sdiutloa «l «Mi of 
sdumihlum (obtained from bauxite or in the form of Mfundctm) tn 
It; mader these conditions metallic aldmlnium is reduetd at the 
negative pole (cathode) in a sufficiently pore state, and if the mtluHlo 
be copper, forms alloys with it, Such are Hall’s and Ctiwle's (k.th in 
the XJnitod States) and the Neuhauwm process (wIu'H' the eurnutt ia 
obtained from a dyruuuo workcKl by tJie Falls of the Khine at Hchafib 

forthwr ftoWon. In Uiecour««<if twtilvo lie»rB nitrii- wnl ar 1 :}fai <h«..lvwi It* 
about SO groa. of nhirniniuin (oiuitH.ining only » wn»Jl mni'imt ..f H>, J | | trmn » 

of eurtim (Ls liouwi, ICOI). 

*«‘rtiaftddlttwtottiedst«.^t«inl«0b*pWir«SI., XUUmxtl in Ctfwptef XV.. H«l«. m, 
tbs lalbwi»|; aw aocunk ©I b«»l in UiobiswkIb tif imJK in ib« bffmaWisi e# 

the HAd bhlorl^s fewto the SMtaJis t^esn ta gmn-sbmifl qinwfciiii* ; 

NasO lOOi MfO 140*} t Al/h 1»* ! | M* j 

N(i,C8« Wi UgUk 181 } i A404 IWj i Fi,Cb U, 

Tha MtaridM flowing ibe ©*Jd«« ©f Mg, Al r» 4 f © «dJ altenUo® to dw lb*i t|» 
cxlitlng data wfeir to tib« fwrmaUoa «f tb® bydmlM d fnnw »bi*b «»» bi^l 

of formatloa of Use aabydrous exldM may ««fly b« IHb hm t4 

hydration (for oxompl®, MgO + E^O) ha# not y«t a^jr^wrfi, 

. Oeyollto undar tbs ftoUou ©f tha oarwmt at ab«Bt givm rf ih# tofww at W» 

. wNob redaogi tba AJ, but It reoemWaMwftb tb® libawW flawtea a»i n y.i.i 
, filled mm. It ii importaafe t© obtaiu dumWft« al as tow a m 



appiUHi uuar i. luvisuurg, wii«ru iv give® 

about l,fi00 kilos of AI a day, An iron T)ox (about 1 metre long and 
I metre wide), pmvidod with a well raininod down charcoal lining, is 
chargi'd witli ii mixture of cryolite and Al^O^ (from bauxit(^), over 
which salt iH fitrevvn, and a current of r),000 au)|i6rt>8 at ‘20 volts is 
pwiruul through the mixturo. The amnio is conipoacd of a carbon cylindor 
(about 1) cm. in diameter), while the chareoal lining fornii tha oathodo. 
When the temporatur# itwick the box is railed to a red heat by the 
cummt, the mixture fusoi and the AlgOa begins to decompose. The 
Al Uberatttl oolleots at the bottom of iho box, whilst the oxygen 
evolved bums the charcoal anode. When tho docompo.sition its at 
an end, and tho rosistaticti (tf tho mauB inoix^astvB, a froith (juantity of 
Ah^Oj iH added, and Una is couUuuihI until tho amount of impuriticB 
accumulated in tho furnaco and patiaing into tho motal iMU’oinoa too 
grwit.'*’' *'** 

Alumiuiutn has a white colour resembling tljat of tin—that is, it is 
gn^yor than silver and hw tha feebly dull lustre of tin, but eampared to 
tin and pure eilver, aluminium is vary hard. Its density is S*67— “that 
iin, it is nearly four times lighter than silver and three tim®i lighter 
than copper. It molts at an inoipiont n^l heat (ROO®), end in so doing 
ia hut nlightly oxiiUi>od At tho ordinary temperaturcj it domnot alter 
in tho air, and in a compact mwm it burns with groat difficulty at a 
wluUi heat, but in thin sluH'ta, ink) which it may bo rolltHl, or as a very 
duo wire, it burns with a brilliant white light, since it forms an in* 
fusible and non*voIatile oxide. Aluminium itself is non<voIatile at a 
fumaoi h«.t. Thiw properties render Al a very good roduolng agent, 
and N. N, Bekefcoff showed that St reduow the oxidw of the alkidi 
metal* (Clmpter Kill., Note Dilute sulphun ‘0 aeld has soaroely 

any action on it, but tho strong acid dissolves it, c«peoially with the aid 
of bent. Nitric arid, dilute <)r Htrong, has no action whatever on it. On 
the other Imml, hydrmddoni* ru-id diiwolve.s ulimunium with groat ease, 


If Tlie r.'st >1! wiifkiJin UiiB prfM'OMW «■*» tnt breUfjlit «.« low bw 30 cent® |H‘r Ui. nr 
bIhjuI a| fr«. jwr kiln, tn l'»al«nr, pfier U> Ui» IntriHlmtian .if Ihn oluetria 

mey»» 4 , * 44 «wpU Al by takinji a nn^lure «>f l.'iiKl p«.rU *>f Uin eUiubln Bftlt HaAK’h, WIO 
part* wt wfoltl®, «ii«t a*t0 jiavrla nf Nft, atui *ibl«.in««l bUumI IStJ |«rt» «f Al.tw UiatUiii eoat 
of tbl« prtww Im J| nmeltmt t.( tl«» pleclno 

|5u« b»t«>f tb»l BuJt4i»«tn i*f »luininiMm, AljHj, »« BBitabl* fwr lb® prsgftJaUoa 

e< Al by ihn plBrUrulyt-w MtoOtwl ibsii AljOj, but rtn«s« III® furottU-ton of 41*% by bmWng 
a mSsiwre »•! Al,Oa wi<i t>b»«^l in Btthibnr proe»irfls dlfiBenlty, 0*»y (1B04) 

prii|w»tt«l Ui Al,H| by beBtinn a Kustare of cHawml, of alnminittm, sad 

sjvISmwi SmiimLB 'I’W tnisturw of NaF mi4 AJUBs filvos almtuiiiuBDi, 


hydrogen is ovolvou.'*® 

Aluminium forms alloys with diflferont motels with great oiwe. 
Among them tho copper alloy is of practical u»«. It Is calhidi 
cduminiuni bronze, This alloy is projiared by cliMolvIng O p.c. 
by weight of metalUo aluminium in molten copper at a white 
heat. The formation of tho alloy is aocotupanioil by tho Uevclopmcnt 
,of a considorablo quantity of heat, so that it glows to a bright white 
heat, This alloy, which corresponds with tiie formula AlUuj, proiwnt* 
an exceedingly homogeneous moss, esjK'cially if jiorffutly pum 
copper bo taken. It is dwlinguishtHl for its cafiacity to till up the 
most minute impressions of tho mould into which it may Iw raiil, 
and by its extraordinary olastloity and Umglumsw, so that obj*'cti c«riit 
from it may be hammered, drawn, &a., and at the same time it is lino* 
grained and excee(^yuigly hard, takes an excellent pali&h, and, what la 
most important, Its surface then remains almost unehangmMo in tlw 
air, and has a colour and lustre which may be compared to that(^ g«dii 
alloys. Hence aluminium bronxe is much uned in the arts for making 
spoons, watches, vessels, forks, knives, and for ornowonte, 4e. No 
less important is tho fact that the admixture of oao*thoumi«lth |«,rt 
of aluminium witir steel renders its eoatings homogeneous (trm Crow 
cavities) to an extent that could not be arrived at by other mtaiw, iwr 
does the quality of the steel in any respect deteriorate by ttils adads:* 
ture, but rather is it improved. In a pur® state, aluminium i* only 
employed for such objects as require the hardness of metek witli 
comparative lightness, such as telescopes and various physical apim- 
rates and small articles. 

According to tho periodic syato/u of the clciuotilii, (ho finaloguftij af 
magnesium nro zinc, cadmium, nml lut'ivury In tiui ricfond group. Ho 
also in tho third group, to which aluminium bdongn, wo liiul ita rorr«- 
sponding analogues yidliutn, indium, and thaUium, lljoy aro all thn« 

Alumklum, when teakd to the high tempwmwrw of tlm olwtrio fwnw* », »!«»,. 
(OMboa sad toms Ml alloy whieb, Meordtng to Melwa, wh«i r^iWIy UpaUA wiih ruM 
hydrooWorlo mW leavo# a oompound CaAl, In tho farm of » yplluw rry«»«!Jii so lrai»- 
parent powdor, «p. gr. 9‘86 («« Oteptor VIU. Note 1% Wi). Thw tarbtJ&if ahn,H,m>m 
CsM* QOMfsiponds to metbwt CHj, for Al Hi Badwrhwt tb «»«* » 4 s that K n (# 

equBl to thrto moWeukg of CH^ with the sutelitulkm df iwdm mm» «f li l« 
(t by four of AI, or, what Is the waae thing, it In the dopJicftted mtAmul* i»l with 
tho subBlltution of Og by Oj. Aad Indeed C<g.Ab uitttef lha acthiti of wate* w»rA 
gas and hydrate of olumtea! CjAtj + lSlbO^ 801^+01^01%. Thto d««i|«»jti«n 
gives a new aspoot of tho synthesis of hydro-wb*#, wad quite ««»»« viik wh«i *<»Wt 
follow from the ooUon of water upon the tnttellio eorhlto w hy mm tm •atWalM 
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SO raroly and sparingly mefc with in nature that they could only be 
diHcovcTC'd by uiftuia of tho Kpoetroacope, This fact shows that they 
ai-o partially volatile, as ahoultl bt) tho case according to the property 
of their nimrost neighbours, tho very volatile tiinc, cadmium and mer- 
cury. Ai? with them, in gallium, indium, and thallium tho density of 
the luebd, dt?composahility of compounds, ite., riscH with tho atomic 
weight, but here wo find a peculiarity which doea not exist in tho 
Bocemd group. In tho latter, tho fusibility increases with tho atomic 
weight of nmgiuwiura, siinc, cadmium, and mercury ; indeed, tho 
bcmviiiit metitl --morcury— is a liquid. In the third group it is not so. 
In order to understand this it is suOicient to turn our attention to 
tho ©lemonts of tho further groups of tho uneven series— for instance, 
to group V,, oontainitjg phosphorus, araonic, and antimony, or to 
group VI., with sulphur, selenium, and tellurium, and also to 
grtmp Vi I., where chlorine, bromine and iodine arc situated. In 
all these imitames the fusibility decreascB with a rise of atomio 
weight ; tin* nuuuln'ra of the higlier series, tho elomonta of a high 
atomic weight, fusts with greater diftlculty than tho lighter eleraenta, 
Tho repmauitativae of the unovon series of group III., aluminium, 
gallium, indium, thallium, fonning, as they do, a transition, all show 
an intermotliaUi behaviour. Here tlie most fusible of oil hi the medium 
nmbd gallium, wlvtoh fuses at the heat of tho hand ; whilst indium, 
thallium, fuid aluminium fuse at much higher tomperaturos. 

inline (group II.), which has an attjmio weight GH, should bo followed 
in group in. by an element with an atttmio weight of about 69. It 
will be itj tl»e same group os AI and sliould eonacKjuontly give EgOj, 
EC1|, E#( 804 )j, alums and similar M)rapound« analogous to those of 
alumiaium. Iti oxid® shonld be more eaidly reducible to metal than 
iduralna, just as atno oxid® is more easily redoeed than magneshu The 
oxide RfOg «hould, like alumina, have feeble but clearly expreawd 
b«le pra|«!rti(»». The metal roduoed from its eoinpounds should have a 
greater atomic volunm than stinc, becauBo in tho fifth aorien, proceeding 
from aine to broinine, the veluiiie increniuw. And as tho volume of 
»lno «w 9 '2, and of armnuo ra IM, that of our metal ehould bo 
nwtr to 12, TIjIs i« al&o evident from the fact that the volume of 
iduminium « 11, and of irnlium sis 14, and our metal i* eitoatod in 


aluiniuiuu), and tliereforo for expecting iti diicovery bj tlw aitl of 
tho spoctroBoopo, &e. 

These properties were indicated hy tno for tho iirjftloguo of rIu. 
minium in 1871, and I named it (mm Uhaphn* XV.) rka {iliiminium. 
In 1875, Locoq do Boiabaudran, who hud done tmu h work in tram 
analysi.s, disooverod a now nu'tal in a zinc idfiKlo fnutj tlio l‘yrrtu;na 
(Piomditto). Ho roctignuwd its individunllly and dijlrroino from 
zinc, cadmium, indium, and the other ctuupanionii of /irn: by roritn* of 
tho spectroacopo j but ho only (tlilaincd tiumo fnietionri of a irntigram 
of it in a freo state. CJonBctjuontly only a few t>f it*i reiu-itun i w»no 
determined, M, for iiiitano®, that barium carbonate profipiy4t»*si thn new 
oxide from Ite salts (dumlua, as is known, is al» pr«cstpit4t«l), Lih-«h| 
de Bdahaudriua named th© newly dkeovired nmtal ^Uum. An mm 
would oxpeob the same properties for eka-aluminium as w«r«* obwrviHl 
in gaUium, I pointed out this fact at tine tluio In tho Momaira t»f tho 
Paris Academy of Sciouctm. AU tho subsoijuont obmwvationi of Leeotj 
do Boislmudrau contirraod tlio identity between tlio prupertiet* of gallium 
and those indicated for eka-aluminium, Immodiately after this fcJhe 
ammonium alum of gallium was obtained, but the moit convinelnf pmol 
of all was found- in the fact that the density of gaUium allhougli 
first apparently diflferent ^4*7) from that indicated ateve, aftorwanl-j, 
when the metal was carefully purified from sotlluin (which Wa« fir^t 
used as a reducing agent), proved to bo just tliat (.’'>■11) which v.«nilil 
have been looked for in tlm analnguo of nhmiiniuni ; luirl, vriiat 
was very important, tho cipuvnh'nt (SA 'A) nnd aftuuic \vi i;.;liS .-*) 
dotormined by tho sju^cilic heat ((>■().'<) wm' nh'iwu by I'xpcriinmt 
to be such as would Im ox|M"ctc(l. Tltc'io bn'ts cuntitnotl the 
universality and applicability of tho jHjriutlic ByaUnn of tho chjiupnta, 
It must be remarked that previous to it there waa no rnpans t>f «iih«r 
forettdHng the propertiw or even tlm ©xiitanco of umli»‘ovrr«l 
•dementi.®® 

Mudb more U|^t has been thrown on thatoleiaimt of the nhiminium 

M The epeetnan of ffalltam te eliwuetwistd by s. W«l«i vtetet liiw »f !c».,Hh 
® 4.17 mlUioBtha of a mlHimeke. TImi metal cim b« wpormtedl ten* tfw iKtf«n«rt», tom- 
talolng a mixlure of the many mttUJe oooutring In the line by »» «4 

following roaotlons ! it I» preolpitod by mnilum «rbtwti4*i i« Ih* ir»l twrll^wii il gis« 
6 eulphate wbioh, on boiling, ewily dteomitow# late & Ita* wit, very slifhi.ly »4i»hk 
la water} and It Is deposited in a raelaUte rtate’ftwm Ito by llw aeikm cf a 

;,|^vftaio ouerent. It f«we at 80**, and, when «*»« }ti|«M tm mmm 



It WM ditwovcnxl (1BC3) by iicioh fttul Kicbtor (and rnoro fully in voeti* 
gaknl by Winklwr) in tlin FnalM^g j-.1iiq om, and wan named indium’ 
from tb« fact that it givoa to the flamo uf a gfw-burnor a blue colora- 
tkni, owing bi tho blue 6|Kictral Huctsi projMir to it. Tho oqui* 

viiltmt (« Chanter XV,, Note 15), sjKvcifio Inwit, and ether proportiwa 
of tho tnolal conlirro tho atoitdo weight In » 113,'*° 

luwmmoh m we found among analopts of magiuMium in 
group II. a metal, roereuiy, heavier and more ©aaily wclucod than 
thi nat, and giving two gmdo® of oxidation, «o wo sliould oxpeot to 
find a roeto^l among tho unalogutis of aluminium in group III. which 
would bti heavy, tumily rt)duced, and give two grades of oxidation, and 
wmihl huvo an atomics weight greater than 200. Such i« thallium, 
It buiim comjmutKlti of a lower tyjus, TlX, bcssides tho higher unatablo 
tyi«* TlXs, just foi miwury gives llgXg and HgX. In tho form of 
th« thidlie oxide, TljO^, Um base ia but feebly encsrgotio, ns would bo 
«cr«tet«d by analogy wiUi tho oxides AlgOi, Ga^Oa, and IngOj, whilst 
in thalloua oxide, TlgO, tho batdo properties aro sharply defined, 
i» might bo ©xpected acoording to tho proporticH of tho type RjO 
(Clmpfcer XV.). ThaUium waa disoovorod in 1801 by Crookes and by 
Lamy in cerlabj jiyrit«*s. When pyrites are employed in tlio manu- 
facture of Jculpburic acid, they are burnesl, and give besiidon BulphurouB 
ttnhydridts the vnjKsure «>l varitms t.ulj{»taisceu which aooompany tho 
fulphur, and are volatile. Among thtsus sulwitancoa araonio and 
Sfikaiuffl aro found, and togothcr with them, thallium. These sub- 
fteum aooumukte in a moro or Um raasiderable q^uantity in tba 

<1 Jmsm husih mita. TUt t« adiobla b a eohtUoa ^ oanaUe potuh, 

otui K) b «aa«U>9 Otdbam vekUto OoCb (IfUeon and 

« The vttinmr liuknm chtirlik, InCls (Nob SI), (V®tonn(tKK'l by Nilson «in3 

cnUinos Ihia iil 'iiiic Imlium In from ainc, fttul Ofttlmlum, 

>»,lb h a ocrum, by tabbii^C p.4vmilnrM i>l Ut«> fiirt tlml ll« byilrojiido Iti InwilubUi In 
Wnwi JiSft, li.dl, Ibo *i4uU»*!sa *.J a® «aHs j|a« bi'Uum wJk ii Lrcirtwl vrilh (hi'XHU* linlium 

Is uilf-r amt! by Hu j-U) wi.J tliaC U)t>y 4 tvilb ji Miiliibiilo 

bi « mI (►••lulniHi. Iritlium la j?r«>y, )t«M ir i.}!. |rr. uf 7'W, fuww nt 17(l Mid 

W3i «3»»|iJsw m dw «lr ; viHt-n tgnlk?*!, it flf»t » black nulmswle, In^Oj, tti#8 
'^Attitiw m 4 fivM i. brwwn Citiit)*, lirjOj, w1hmm< mUa, mri cUmi fcvcmw) by tbo 
«»4lisi» ttf ft«Wi os* liw byiirugwa Wing ^volvud. CttusUe alkalis do »ol Mt 

m $«4m»n, fiFwm wlaeb ii l« w^klrBl tb»t It i« kw rH»ab!»of forwiaf olWfm owapowftda 
alttwiiiittm I* ; b»w»»i!r, wiUi jwlaiwiMsa awl wlittw hydmsid^ Indium 

idlite giv* » tukairl*** tif il» I»y4n»!ii«i<», wbteh. te #olabki ta aa m^m of the 

dM, bk* U» bydrwsklei of idwrtoitiw *!»& ll» ■«alla do »o4 wymUUlid. Nilsosu 

ft Ml i.ka aeUnu tti MCI lo. dbaOiot^ wkiik etvait&Uba 


which arc obtained in the oorabuBtion of certain pyriUM containwi an 

clement having a very eharply-defined and chamo(»rMtto i»p®otraim~~ 

namely, in the green portion of the aj^eotra it gave a well-tkilhiod band 
(wave-length 635 millionth millimotr«) which did tmt comrtixmd with 
any then known element.^* 


Under the action ofngalvnnio current wolutioua of tltallium mlt« 
dofMJsit the motnl in tl»o form of a h«wi.vy powder. Xt in of a grey colour 
like tin, is soft liko sodium, anti has a imstallie lustre. It« *p«wifse 
gravity is 1 1 ’8, it melta at 290", and volatiliwis at a high U»u»iwnt.turo. 
When heated slightly above its melUng point it farow an instdublo 
(in water) higher oxide, HjOa, as a dark-oolouretl powder, pneraUy 
however aooompanied by the lower oxide Tl^O, which is al*o black 
•but soluble in water and alcohol. This solution ha* a dlatlttoUy 
alkaline reaction. This UmllmiM omidU melts at 300", and is 
obtained from the hydroxide TIHO by igniting it without vMm td? 
air (in the proaenoo of air the inoandosoent thalloue oxide partly p»Mm 
into thalHo oxide). Thcdloua Aytfroaitfs, TIOII, ory»tallist« with emt 
molecule HjO in yellow prisms which are very easily loluble In watiir* 
Metallic thallium may be used for its preparation, m the mttid to th« 
presence of water attracts oxygen from the air and forms the hydroxide. 
But metallic thallium does not decompose water, although it givt^a 
a hydroxide which is soluble in water.** *’•* All the other dahi for Ujo 


TlialHuni waa aft^wardd Jourul InottrUin tiiic'au tiinl In the* mrn ininuml 
containing load, ailvor, tliiillimn, and Itn mnlrttii'n iliijwiiila mi tin* ftu t ttmt m 

tin* proHciiioo of iioid» tlialliuni fi>ni)NUiiUlmiui'i<iii{intiiiilii, TlX. Am i ii!; Ui>'>«> * 
the) oliloridtt and tniliihalo aro enily iilightly hi'IuM*'. aii>l givn »nUt ItyU**,;'’!* »5utr?»)»t» « 
bloolc preoiiiitato of Ihn NuT];i)iid(i TI 9 H, wleloli i« »<iluMi>i» an ewnl, liul Me»»4ttl4# 

In tumraonium sulphide. 

41 bis ihg ijggj mstliod of prcfuiring Uiallous hytlmshlw, TltlH, i« hy il*» 
of the requisite quiiatltyol b&rytaliyMaaU««8»ttlplw.te, which isriiuhUy »s4m14b I 

bftslttBj srdphate 1# then obtal^ In Ute predpHab luid tlwlhvnu hyihruald# In fcdnWim. 
This solubility of the liydronide is exoitedlagly chametwistio, and femw# «w >4 itw khuA 
Impovtaat propertlM of tlMJliam. loweif (thsilwus) otmejHinntb b# Hh* tyj* 

TTX, and reoaJl the salts of the oUralia '.Tho aalts 'HK m» eohiurl****, do imA glw » |«i»* 
dpltate with the alkalis or ammcmla, but are piwcSplIateel by mwimltim 
beoauso tliallous oarbonate, T^COi. Is sjJariDgly wlaUte l« water. eJehwltle 

the same Idnd of prseipltat* m it does with the salts of potei«l»Utt—th»t t«, ih*ll**»ii 
platinocliloride, FtTlaCl#. All thaw facta, together wltti ^ t«t«w»fltysim t»f 0m 
TlX with tliOBo of potassium, Oitaln point out what m £mp«iwl ti# tf|,« 

of oompounds have in the detorminatiou of th# eharaotof ^ a wrta* *4 wibulawwa. 
Although thallium has a greater alotaie weiglit and gir«a«f 4 «bsH| Am p^rnmmm, 
^though' dt has a le^s atomio volume, neverthdcM thaUem eetd# i» makigtma to 
polWijfiSM. osdde In many respeeta, for th» both aiw wesmBiH «uasi tanMu 


Biercury Ilg « 200, ftnd leatl Pb » 5K)6, 

Oalliuui, iiuUutn, nnd ihalHuin bolong to tho uneven soriw, and there 
ilumltl eUinun»t« of tho oven etmm in group HI. corrosjwnding 
with /•idthum, »trot»tiuin, anti bivriutu in group IL Theto do* 
moiit« elujuki in Uioir oxid« HaOj present basic oharaotora of a uioro 
oiiorgotie kittd timn tlioio diourn by alurabaA, juit aa oaloium, 
fltrontiuin, and baHam give more energetio bium than magxMdnm, 
and catluiiura. Suoh are and wMoh oooor ia a 

mre Swediih mineral called ffodotiniU, and are therefor© termed 
the ^olinite metals. To th(^ belong also the metal 
which acoorapanitts the two other metals osWwm. and didymitm in 
tlie niinend r«ri<r, and it tUorofore belongs to the oerite motak. All 

tluwi inotalM find certain others accompanying them, give basio oxid^ 

Rji(),. At first tJudr formula was supposed to b© BO, but tho 
applitmtion of tho periodic system required their being counted m 
ehnuenti of groups IIL and IV., which was also confirmed by 
tho determination of the spedfio b^ts of thw metalii,^® and better 

10[. W« Ourmw moark timt ihalloria fluedde, TIF, le eAsUy sclnbla in wntor m 
well ft« Ihsllona riliwUluoritK giTl^Fg, bni th«.t tluilloa# oywaiac, TION, lo Bpwrtngly 
sKihibltt in wtttur. Tltiw, etKtitluir wiU» tin* wUght BolubUily of lludlotia elllorido, T1C3, ftnfl 
«Hl|il)ne', 'ri 4 H(^i, ln<li<'itt«ii( ».n luxa-loRy lH»lwo«m TlX and Ui« iwJt* of allvor, AgX. 

Ah r»}n^rif^ tlt« hiHlwri'xiiUi nr tint (halheoioith, Tl^OjiUie tlialHum fa trivev.I«nk in Ifr— 
that iw, it fttntm p(ij(iiKiuniltt<if Uitt lyp«i IIX*. Tlio bydroxUla, TIO(OH), ia fomed by the 
w>tk»n of llyllr^>^!^ltt iKtrositln on UmUIoum oxide, or by the aotion of- ammonia on ft eoln- 
tirw of Ihftlilo ehloride, TlClj. It i« obtained m ft brown preolpitate, tneolnblo in water 
but maijy wluUle lo aold*, with whkh it give# tholllo salt*, TlXj. Thallio dUoxide, wbldj 
fa dbteibid by eawtlorndy beatiag the melftJ in a atimm of ohlorlne, forma on ^xaOy 
fttflfble white which fe eolnble In water and able to part with two>thirds of ifa 
ehltfrine whm heated. An aqneona oolnllon of thia nalt yields oolourloM eryvtala oon* 
iftlning mm eqniratnnt of water. It ia evident from the above that oU the thaJUio ealfa 
mn «»»iJy bn rxvliinwl Ui tlmlltiua aalta by redneing agtnxta aueh an ealphnron® onhy. 
dridn, rtun. A‘n. lU iiitlnn (beat' aalla, tliftllie wilpbate, Tl 9 (H(),),,,'JlI„ 0 , lhallio nitriftt©, 
Tl(Kf '•is.4lla< K ill’ . uri’ known. Tltoa*’ tmUe nro dcHMinnKimHl by water, like tho eaJte of 
many indlo bamii- no tslB~f«»r oxamiili', tthniiiiiium, 

Tlio ni»-.riAo lo'itt of i utinm dnbirmmxxl {IH7t>) by mo, ftjxd ftfUwarda onuflmwd by 
HUW*rtixol, <'orrr»jt.iitdii with tH«t ftbenio woJgbt of cerium aocording to wltloh tlie com- 
p»{tUm of two a mlmubl Iw (fajOs Olid Cedj. llUlobrojid alao tdiisJnod metoUie 
Ittfll hKHW W and didjittium by dtwotiun^ioK Uieir wlte by a golvanio otarmxt, and be 
fomd iMr hoate te 1 m nmx btet of oeriuim mwI obont (r04, and fa fa thttrefore 

J«»iifl*tbte to give iltom w» ftb.mie weight nww that of emrittm, m wan do«e on ^ borfe 
of tb« jwriialio "law. X'lp to J h 70 yttriom oxbfa wm al» giv«n the fomolft BO. Bfavinf 
imloter(ni»»«l th« «f|»ivahinl of j^inm oxbte {with rMfxeol to water), and temad fa lo be 
1 ’ 4 'a. t r.i(,Bidr.mi it ttpmtmJty to oleo awtib« to It the oompodttea FaCfa, beoanoe th«i 
•tl Wto lne» ite srxitMf jdacw in tfas jwrksdks Bfotem. U fe# eqnfvftlwt of the oxide to 

t... 11 BM-m nMe in fj itouuiotliliHtlv Ana n&rt 




weight, So sa 44, and in all ita prtipertieM, oxiwtly corresjKmda with tho 

motal (previously forotold on tho Imis of thoiM?riotlie ^yuimn) tkuhnror^ 
whoso properties wore determined by taking tho oorito and gadolinite 
metals a® forming oxides RaOa.*® 

RO), it would not, l»y its ntoiuia wi>i(jlit CrtO, find a iilafw In tlip mem-\ |?f-n>p. Bal 
if it l)« tivlnm (vn tvivulmit— tlmt is, if Hut tirmuU «<f its f«i>U* W and *alt« RXj — 
tlion y « BH, and a iwiitititm Ih i.pun for It iu thn third stro'H' in tho »i*tlh fctrleti uftor ruW* 
diuiu and Hlriintium. Thuso uUiTtitimm Iu llu' utoiult* wto^jhtu of {h« t'wrtio aud K»*d<dtn. 
ito niotiils wurt! uftorwurdu ttfcciilod by f.’lJ'Vu «iid i>lh*-t' lurt:»tit;4i*>ra, who now wwrite 
ti formula TtjOj to all llui mtwly dittoovuml oxidua td tht>r«i mrdAlB. But atill th*« j«tsiiioti 
in tlu) jmricKlIa ayaUnn of oorUln td«mt>nt9'>»(or uxamjik of htdmium.thMltttm, wwniwiww, 
and othew—lma not yol l»«n doUtr^oiitiMl (or want of a »ufflel«»nt kitowlcdfcn of their j rd. 
pertios in a state of purity. 

So, for example* in IB71, in the Jcmmal 0 / th« Itumitm Physim Ch»tniml A W<*if 
(p, 48) and in Idehlg'a Annaten, Bapt. Band vlll. Itwi, 1 tWwewl, «n thw l»«ia t4 lln» 
periodielawian alomlo weight 44 (orokahoirtm.and Nilwaln Ihsk found ll»tof wandiwm, 
whloh la ekaboron, to bo 80 *» 44'(1S. The poriodio law alutwed tlwtt tW aitetiifio gravity »t 
tho ekaboron oxide would bo obtsul H*B, that It would have dtstdded but feeldo tmalc 
perlios and that it would give colourloaa aalla. And this pmvwt t«» b« lh« mm with 
eoandlum oxido. In duaeribing aeundiuni, Clhvo and NiUon afknowlwljjio U»«t tiro |i«f« 
ticular Intorodt attached to Ibia oloinent ia duo to Uaromi'hdo tdonlity with lh« eatwWt 
olgmoul ekaboron. And this accurate foti'Udling of proiu’Hios rouhl only !*» arrivt**! at 
admitting that alteration of the nlotnle weight* of the eerlte and gadtdinlle nwtida whkhi 
was one of tho first result# of the application of the periodio system of lh» utam#*!# to 
tho interpretation of chemical facts. In my first memoirs, niuBely, la lh« Svthtin n/ 

8i. Peteraburff Academy 0/ Seienem, vol. vlil. ( 1870 ), and In Idebig*# dnmlm (I e. 
p. 108 ) and others, I particularly Insisted on the neoossity of altering the then ace ptrd 
alomlo weights of ooriam, lanthanum, and didymlum. Clhro. IlBglond, Ilith ! nod 
Norton, and more ospooially Bnumor, and oIIuts nrct>|-t<'d tli>' pi-'j' i .. t »U, luti. u, !>» I 
gavofrosli proofs in favour of tho tir<iiiniit.diilt.rutii.it-i..f th. uf. mir *•.<•,, hri. Th.- nju !y 

of tlio IluiirldoH wuH imrlicuhirly iiiiporlunt. Mu. ing f. iimu ii< !l..- f..iiith sf. thu 
CiimpOHitiim of il'i InVlin.'ik nxiilii ui.iiliJ (h.-u l-.i f (n,.| ,roi J 1 {h« 

lower oxido, (■'< /),* CrX.v Briuiii.a i.bi;iiii,.| tl..^ tbi- u.!.: 1, bug 

with tho flriit, mid 11 dunhln 10711(111111111 i.iilf, :iKl-V.*t'id'„'ii,' u-.il. ’it iiuv 
compound of Urn lower griidii C.-X .. wliirh g.-m i.*ll> i- . m (■ , . i!,. t «ith l!..-- 1.1 4) 1.*;, ..f 
Bolls oomssponding with CcX^. Itwill tm awn ffum t(i<*(. f. ti.iiil...rtud fs. i« th.^iai h 
tho alemente, that cftriam and tiidynilum dn not heUmg lu th.. tj,i,4 rs..itj., whirl* h n-.-w 
being deseribed, bat w« w«tl«m them here for cottvi-ntenr.., ihc? rrfil*. 

ifi CKHtlitDf^ne ^hi* ll ram is? 

refiomble e«h other in many r«p«ts, always aceimijtanj wo h «u« w»h d>ni* i.Uy 

Isolated from each other, and stand tegethcr in tin. t.f the »l.>sn.,i,i9{ 

they have acquired a peouliar interest owing to their Imvlug hi BtJ» th« ,d.|« te ..I 
the study of Marlgnac, Dokfonlaine, floret, Lw!o«| do Ih.iabaudrfltt, liratmpr, 

Nikon, tho profosnors of UpBala, and otlmra. 

Tho oarlte and gedollnitn metals oceuir In rare snk»r»UB i«h,er«k (fft»a 
America, tho Urals, and Baikal, such as eorlte (in BwwltJf*), g*di4hiii», a,»4 ,3jihii«} *«4 
In stUl rarer minorals fommd by tiUnlc, nit, hie. and tanulsn ««h #9 In 

Norway tmd Amoriea, and Bamarakil^ In Norway, tlw Uwla K»wi A»M«rka. -«,d in « Um 
«Wfl fluoride# and phosubatoi. Among Uto latlw. mwwaaitB i« I.,.*, 



ainymmm,UtftrlinnandlMittmaam(fte60rdiag 
lo W. EUntri tiwl HUat'lulgh’B wmlyMw), inul iu now u««l for pr«pwing Uukt mixttir«of 
Ihe ositloB of IhH nvn« ni«W« {PwjMwially ThOajCtvjOi^r/ftaOs, &<s,), whioh i« araplo|w3 tor 
ItitxuuloiHwnt Immera (Auw von WahUaah), m it 1ms lm«n fount! by oxp«,r!n>«nt that 
tlwtws oxiiUw whon raiwKl k» immtulnwmnoo in a ntm-himlnouM gim Ikmo, givo a far 
ftioro brjlliant flamo with a Bmallw etutemniption of gw, bewidtm Iming tiuitahlo for such 
non.lumiiiouB gasoa m wakw fpi«, Th« iniudipbiuiy of raatorial to work upon, and 
i)«i tliramtUy of Bopamtlng Ota twtidos from «*mh ottiw, ar« th« ehi»f roMon# why 
Ut« cciwtKwititm of tho oampoHftdii ef lb«»« mm m«Wa fe m topwofeeUy Jcaowa, 
Coritr ia Aha mml ooowiibto of ttrwe B«dd«a «tUM it «oal«hfiii) mm 

limn 60 p. 0 . of tJui osidtts of wriam, kathajoum (from 4 p. e.), wad dldymiom. Eh® 
diwoffipiwitfM of ii« powdar by talphturfei add fiv«« « 0 lph.®t«i, iiU of wWoh $m aolttblo in 
wakHT. Eto othw inlntmli menUonod abovt an d«o dwompoMd in tha aame eorntnor, 
T!h« wlnliM of aalplmtei ia prwipitatod with tim omlta aeld, whioh foniw Mdta tasolubl® 
te watw (oui dtloto aoldM with at! the oerit® and fadoUnite osidea, Th« oxides them* 
wives auffl olitiUtuH! by Igniling th« oxalates. Wljon Ignited in the air the cerlttm 
jmawrn frtitu Its oniinary oxido CJegOa into Uto bigber twdd« OeOj, whioh is so fesbla a 
bane that it« BiUtw are dwtimiKimwl by wafeor, and it ia Inaolubk in dilutu nitrio aoid. 
Thurefortt it is always lamaihla to remove all tha oerinm oxide by repeated ignitions and 
wdnUtuw In stUphurio aekl. Tim fertlinr separation of the metals is mainly based o« 
four MM»llw>d# employed by miuiy U)v®«tip^tor». 

(Ml A Mlutltm of the mlxwl mlta is treated wiUr an nxoesn of solid potaMlttm sulphate. 
Druubla salts, soeh as (JajfSO^feSKtBO^, are Urns formad. The gadolfnite metala, 
aam^y ytldum, yltorbiam, and erbium, then ramab in soIuUon—tltot Is, th(dr doobi® 
sate a*® soluble in a solution of {wtassiura aulplmki, whilst tlm eerite metale^-namely, 
osrittsw, lanthanum, and didynvium ^am tirsoipitated, that io, thsir double salts aro 
iuwilulilo in a saturated aolulinn of ivotaasium sulphate, Tliis ordinary method of 
(i*«}M»raUou, however, apia'iirs fnnn tho rosearchiw of Marignao to Iw so untrustworthy 
Umt a tvisiMdorahlo aiiiouiit of didymium and tint other motcUs remain in the soluble por* 
Won, owing U* llm fw't that, altiiotigh individually insoluble, they are dissolved when 
miawl btgothor. Thus orhium and terbium o«ur Iwtb in the solution and precipitate. 
Kavwthotea#, Imrylliura, yttrium, orbium, and ytterbium bolong to tho soluble, and scan* 
dium, Mdunt, knlhantun, dklyndum, and ttiorium te tho insolublu portion. Tho tnftolubl® 
wit id Mmdium, fw (wmpla (»>. inwduhlo in a soluUon of potasalnm sulphate), has & 
mBpcMdtton 

(b) The obtotad t»y Um ifnition of tho oxalates are disnlvod in nilrits aoid (th® 
nltratM at thi* oorite motaiN Mwily form donble mite with thorn of the alkali metals, and 
M wwno— f«r oxample, the ammiinlo.lantlumura wdt -cryslalUBO very well, they should b® 
studiml sod aiipliid to itm aiwlylical B«>jH».ratinn of ihivmt inotabi), tho solutionis thoa 
ovatBj'fttwl Ui ilryntmB, and Urn r« uuioi' futiixl. All iiitroten aro (linlntyiMl by heat; thoso 
of ahiuuuiuut (Uid irioi, ,io , Very eanily, tlomi' of tlio e.irlk' finil giwloliniUi mot iilw also 
««,®dy <allhoi 4 !b iiol w» ffi,B,ly an tho «d»iv«') but ui dilferent degrtH.n luul WMpuuiw* ; so tliat 
by wurryitig on tho d>Ho,i,j«,s)tioti carofidly from the iK-giniiinK it i» tKiwiblo to destroy 
Ww nitrate c»f «uiiy on«» motel without lunrhing llni others, or leaving llmm w inwdubte 
«dl*, Tld» lyetHiwi, bke thr> prer«Ui>g and tho two following, mtt»l b« r^pwted 
m tnimf » Wtvwity tones te altaio a r«s»lly ri»w«ta«t twodupt of fixed prepdrtfw, 

III, WB In which ih» ihwomiMmixl and undwompowad partkmu ewteln mau mad tite smo® 
o»id«. This wsilKMl, dtt» lo lietlio and wtwknd out by glWB to tt* hands of 

Marignat* and Nitem tins b«wt riwulte, ospeolaUy fc» tba eoj^uraWma tei ^ddtoite 
torttalt*, ytterbium awl WBandium, 

M A fcdwtion of «aii k pwrtWly by awwfflato} 1% the solution to 

wivt, KL uMJiiii oocmtitw ni ummMttK tiikaMelMat tor the BMoitotation of enter® 


proeipitateil from ft mixture of Um nalts of ditlymlum wid iMtUmuttin. A {•Mlial 
ration may bo offeoled by ropoftling the fttjluUon i»f th» fittHtipluu* wul frAriH»u4 
prouiiJitation, but ft porfeetly puw protloot {» Mowwly tttteinal.lft. 

((f) Tho formate* having (liiTorent th»greoa of eolubilily (Iftnllnuiuni f»rm»lo rJtt 
of wfttor pot on® of sftit, ciitlymlum formate 99l,o#irium f<*ntmt« 0(tr(, yiirhnn atn! j>ri«ium 
fonafttofl Oftnily eolublo) glv® a powlble taeami of M»j,*arAliiig oprisMsi of tint iiA.b'imite 
imebftlB from each other by & motlui^ of fraeliomU aolulitm anJ aa llunwn, 

Bfthr, Cl^vo, and otlmra Imvo ikjIhIoiI out, 

(e) CrooioB (WOO) Umk advanUgo of lim fractional pm’lpiutifH of alenh.«lk‘ ••ilntiofw 
■of tlio chloridoB by amyluim, and by this rmmn« aotMU-atod, far erbium, Wrbium, 

•and othora. 

(/) Laally, oxide of tliorlum ThOa (ChapWr VIII., Ni ik* By) S««’p*ratw;l by nif-ais* «! 
He solubility in a solution of niHliam carbonate. 

A good method of Beparatlng ttmeo metoJa In not known, for they are «« hko each 
.other. Thorc ore tdso only a few methmh of tlkUn^ukhing Uwjm from «ach olltar. and 
we can only add Ure toUowbag four to the above. 

* llhe taeulty of oxidising lota a Utghm' osdd«. This t« very ohwtwlrFitUa for refiinm, 
which i^vea the oxides OcaOi and OeOj or Dhlytwiim a4w give*) a4aur!o*« 

-oxide, DlaOj, which is capable of forming »lt» (of a lilac cohmr), and »«‘4Uer, aar4irding 
to Brftoner, PljjOa which Is dark brown and doea not form wait#, m far a« k known, 
•and corio oxide) dots as an oxidising agent, like Ui*» higher oxhle# of f»llaf jott}, 
manganese, load, and othora. Lanthanuto, yttrium, and many othon* »» M*»t wpabk 
«of snoli oxidation. The pmsonoo of tlio higher oxldet* may Im r*»o<v*l«)*l by fgnJlbrn to 
4V slroanr of hydrogen, by whieli moanstlm higher oxidcaaro redncod U> the bwer, which 
then remain unaltorckl. 

•> The majority of the salts of the godolintte and cerite motoJ^ ar# wtenrkiMt, hat 
thoBO of didymium and erbium are roae-eoloared, the salts of the h%hfw e*id» of 
OeXj, yellow, of the hlgbw oxide of terbium, yellow, dte. Thus, the flwfe 
tained from gadoUnite were yttrium, giving ooloerlesa, and wblum, giving ro#e-«»lo«wi, 
salts. Afterwards it was found that the wdt# of erbium of former investiifators eontaiiud 
numerous oolourlesa salts of soandlum, ytterbium, Ac., so that a ci>l<>rali»n buhu tiuirs 
indicates tho prosonoo of a small impurity, os was hmg httown t.> k< thi- r.uu in 
mineralfl, and thorcjforo Ibis point of diHtlnction rmiiinl bo rnK,.;,).-*.'.! rMidw. rJby. 

*> In ft solid nlnto and in soluUon'i, tin' unltu «t dulvniiuiii, b.ii.utiiu, .lx , 

■givo cbaiuetoriwtio abtioriition Mj!«-i'(ra, lut wo ..ut m fimt.i Mil, .u. ! sJ,i# 

naturally is connortud with tlio coliinr of fluvio nult i. 'l lio iiix!.t lutj i !.iw! o., {Iwi 

those metttln which do not glvo an iibBnrplioii pp,.. tm,,, f, r , |j,j,sbB$,Mirt, 

yttrinm, Bcandinra, and yltorbium— may Iw obtsiim-.l Uvu b..,,, .ti.l^ooiiiu, 
and tho other metals giving fthsorpllon spectra, hitcausn tho prowsm-o *.f iho kUr.r >n%f 
be eaeUy reeoplsedby mo«a« of the speelroftrop, whilst tho {>r'8Benr» <4 iho f.,rM»or tn 
the cannot be alsthjgolshed, and therefore tlm pnriSwikm ,.f ih« f..s«»pf ran I*# 
■eattied further than that of tho latter. We may furtlier rwnwrk tlwi ss«r. 

•of the spoetrum reaetlon’ for dldymlom k so gn»t that II k »,ih m kyef r,f 

solution half a metre thick to reooftnlM the prowneoof I |»rt of dklyrsiitim {«* 
salt) in 40,000 parts of water, Omm determiniHl the jireoenc# «f slidysniBta, 
with cerium and lanthanum) in apatites, llmewloRBt, b«», aud lh» »ats« uf pUni* hf 
this method. Tho main group of dork linos of dldymlam cnm*n»xntl with »av».fcMg!h« 
of from G80 to 670 milllonthB mm, } and the wwomlwy to akwi ggp, tact, 4 iirt, 
chief absorption bands of samarium arc 47a-4a£l, 417, S«i, ami Hi, Hc*i 4 ls» »l»b-h 
•Crookes applied the investigation of the spectra of the phM^r^wal light whieh I* 
'omitted by certain earths in an almost perfeefe voeaum, an ilwitffe tlteWii* k'i*a»*4 



wip luwiiainonwvt umuncHuma Of tad oxuiaa oannoi m 
miutHl by lbi» uiwUuM.1. Ikmiili'rt wliidt, Uiii aiHsutra tiliUdiiiHl by Uio pftswgo of #pa*k 9 
Umnigh BfiluUiMW <ir iMmlom nf Ibn tta.!U tiKMb'li'rmiiu'd jvii.l nppliijil tocliatliigukhing 
th« j'biincnU, but fta »{K»«tm vary with Utn t<)miH>r«vturo atiil oluBtioity (aoueoiitmtlon) 
Uiia uuiUukI t'ruiUMi bu ouii^dBrtnl »» tnuslwurUiy. 

<> Tlitf rmwt iiiipi>rUr»t pubit ulf iliMlIijctiidi itt Ijidiviiliial mctiilliixixlibta iu givun by 
lhf» ilirpi’t tlfltirmiiitiiiiin 0/ equiimhmt wUh rt»pce.tU> in, Uio amount 

of i!m tisivlo by wolgbt wfdah oomblnoft {liko water) with BO parte by waighfc of eulplmrlo 
ftiiliyib iilo, Ht Jji, for llm (ormatUm of 4 normal sail. For thia purpoao Uto osido ia welghod 
and in nitrlo mSi), aolphurlo mI 4 is than addad, and tha wholo it ovapotftM to 

drynoss ovor a water-bath and then hoated over a naked flame nuffleiontly atroagly to 

drive of! Ihi exotiM of attiphurlo aold, bolao as not to dooompoto tbo edit (tire p^uot wouidi 

la that cam not be perfectly eoluble in water); Uient knowing Uio weight of the oxido 
and of the anhydrous HuIphatU) wo can And the oqulvalunt of Uio oxido. Tho following are 
ttw most trustworthy figures In this onnnootloni ficandium oxido -Ifi’SS (Nilaon), yttrium 
osldit 78‘7 (Cl^vu; arrnniing to my dotemlnalion, 1671-~74‘0), eorou8 0Kitla”“Umt I0, tho 
towor biHU lit gxidivliiin of oorUun, acoonllng to varloua InvoBtigatora (HunBon, lirauner, 
and i-ilnurt) from Ion In lU, tlio liiglnir oxido of oorium from 65 to 67, lanthanum oxido, 
ai'i ordliig to llnuuH'r, 106, dldytnlum oxido (in eolte of Urn ordinary lower form ol 
oxiiltvt(.in) al»iut IIU (Marlgnac, Draanor, Clhve), samarium oxido almut 110 (Clfevo), 
yltinbiiiiii oxido IBbO (Nilaon). It may not bo superfluous huro to draw attention to tho 
fai t that tim diulvalont of tlm oxldus of nil the gadoUnlte and eorlto metals for watw 
dialribute Uiomaolvos into four groups with a aomowhat constant diilerenoo of nearly 60, 
In the first group is soamUum oxido with equivslont 45, in the sooond, yttrium oxide 70,. 
In Uio Ihlnl, lanthanum, oorlum, didynUum, and samarium oxides with equivalent about 
lU), luid, In tho fimrth.orbluin, ytterbium, and thorium oxldos with oquivalont about 181. 
Tho ••iiminMn difloroio o of poricwl is noarly 45. And if wo ascrlho tho tyjio RaOj to all 
tho (ixido-t -lluit ill, if wo triplo tho weight of tlio oqulvidimt of tho oxid9-~wo shall 
otdiuii 0 diif. fintoo Ilf tho gr.iupsi noarly oijual to Ut), whicli, for two atoms of tho motal, 
fortii;i Uio ..rdiii ity jmiiudio dUforoni'O of 45. If ono and tho iiamo typo of oxido ItjOj bo 
H.»;)rllio.i 111 nil lliimo oloiuonta (a« now gonorally niH'opUsf, in many cawos tiioru Itoing 
iiwufTloionUy IriiBlwni thy data), tlion tho iilomio woiglits Blmuld ho 80 » 44, Y wflD, 
La W8, C« « 140, l>i M 144,(noiHiyiHiuin 140, prasoiKlymhua 144), 8m •" ISO, Yh »> 170, 
alwi terbium 147, bohuium aJphttyltrium 157, orbium 150, thulium ITO.dooipIum 171, 
It should Ik» olwHirved that tlniro ipay Ihj iimlancoB of basin aalts. If, for example, ah 
demont wiili an atoiuio weight 80 gave an oxido llOj, but wUte IlOXa, then by oouuUng 
ite HSido M U/l% its atnmio weight would lie 150, 

All tho pi.hitH iliidliigoishluK many gwlollnite and wirito olmminta linvo not been 
sufilm iitly Wi ll i siliiblmiiod In in-rtidn ciuim (for oxiiiuplfi, with docipium, thullnm, hoi- 
niiiiui, o’.id i.ihuii). At pi'i .ii'iit tho loi.nt n riiiin luo yltUino, tioiiiidiuin, rcrinm, and 
hisiil, '.iiU!.!. In Ui-i l n•lOll^ liidyinioin, f. r oxiuoph', Uo-ro is i.till much th.it, in d.iublfiij. 
|Si h, oihoo, 'til . i. 1 in I'U'.s l.y M.iwindir uftor huithiuimn, dsifi'i:! from tho hitler in 
Its 'll epi 1 It'.nu un 1 Iho Id n*-infto r"lo«r Ilf its ualla, 1 )i'bifiiiitui«o (lOVo) eepa- 

rated Bfsiioitimo h- III it, Wohl'ai'h ah'.wod Uwl It roiitains two pnrticiihir oh-monta, 
Betwlymiuia (wdto t4ni®h'fi4) and praiMK«l>iiiium (n-dtii iiindc Hroon), and IkioqueMl 
(|pa7) by invo«Ug«itiiig Ihu Bpuutra of ctyaUte, rocogniBcd tho pro«.'n«i of aix indi- 
vidual rtoWOTils. IVobnhly, lliMreforo, many of lh<* now f«?o}jnbH!d olwnwnti contain a 
mixtum «'f v.iri'HSB olhttri*, and as yet thorn l» imt enough confirmation of thek ludlvida. 
ality. As fcgarda ylltium, acandiom, ceriutn, and kntlianuw, which have b«m 
#ttel.li*lu4 without dtiubi, I think that, owing to Uwir great, rarity in naturo and 
^wk;»l art, ll wtiold be »uiHi»rfb}<iu« to ilestrilitt them furthr* in m elementary a 
Bfflrk u the Mefcmt. We mm add Ih&t Wmklor {IBOl) obtained a hydrogon eompuimii 
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giving d bright light, os this mixturo otnite m brilliant white light 
when brought to inoandoficenoo) aro very Uinited, by of their 

groftt rarity in nature, and tho diffleulty of dopamting them from cmn 
anothor. 

from the oompouitioa of Nftftll, MgsIL, &c. C. Winkler (Ihhu, do V-tM^ «ah 

tnogneaftita, olso r«ifirked a rapid aliaorptiou of hydr«jg»n, atnl slu-wod iSiMil » AgJnJr «•/ 
OflHiwn, OeH«, oortoapoadhig to Call, wid th« tdhnr idmite’ hydridtw «»f of tlwf 

alkaline earthe, is formed (Chapter KIV,, Note 49). 



OHAPTEE XVni 

BIUCOV AND TUB OTUEB ELIMENTS OF TUB FOURTH OROUF 

Carbon, whioh give* th© oompoands OH4 and OOg, belongs to the 
fourth group of ©laments. Tho nearest element to oarbon is silicon, 
which forms the compoundfl SiIT4 and SiOg ; its relation to oarbon is 
like that of aluminium to Imron or phosphorus to nitrogen. As carbon 
composit'H th(^ principal and most essential part of animal and vogotable 
BubfsUmci'M, ao is silicon ahnoit ajn invariable component pert of tho 
rocky foniiaticttmof tho earth's crust. Silicon hydride, like OH4, 
htia no acid properties, bub silica, SiOg, shows feeble acid properties 
like carbonic anliydride. In a free state silicon is also a non-volatfle, 
slightly energetic non-metal, like carbon, Tlierefore the form and 
nature of tho compounds of carlmn and silicon are very similar. In 
addition to this riisomblanco, silicon presents one exceedingly important 
diidinction from ctirhon : namely, the nature of tho higher degree of 
oxidation. That, i:), nilica, Hilicon dioxide, or silicio anhydride, SiOg ia 
a solid, non- volatile, ami excetwlingly infusible sulwtarico, very unlike 
©firbenio anhytlridc, COg, whioh is a gas. Tins expresses tho osaontial 
peculiarity of iilicon. The cause of this distinction may be most 
probably sought for in the polymeric composition of ^lioa compared 
with €m,rbonic anhydride. The molecule of carbonic anhydride con 
tains COj, a* swm by tho density of this gas. The molecular weight 
and vajtour donr.ity of ailica, wcrti it volatile, would probably correspond 
with tho btnmUa KiO.., but it might Ivo imagined that it would corro- 
apomil to a far higher uloniie weight of Hi„0,j„, principally fnun tho 
fact that Kill, jn a gmi like CH4, and HiOl^ is a liquid and volatile, 
boiling at hi" that is), even hwer than CCI4, which boils at 76 *. I» 
g#ne»l, analogou.i cuinjamnda of silicon and carbon have nearly th© 
iwno boiling poiuti if t hey are Hijuid and volatile. ‘ From this it might 

CWMr„f..riiu, CllCtu, W.ll« tur, itiUam ohioitilcrm, SiHC^ at U^t 

MtlLVHs),, Unk »i jitHtui. 160", it« ourmpwdittg Mxbea wapwaad. 0(0«H»b, 
Ikl «Jb^ imr-' ; pXhy\ l»Als at 100®, and ethyl wUuwarbonaAo, 

rann.lEr.v. TI,h «uM,jAn wnlnmM in a. Ikinitl Itt. tliou a{ Ou, mlinnn 


condition it in polymcrio with SiOg, as on polynn'risation— for innUnctt, 
when cyanogen passes into paracyanogon, or hydrocyanic ncitl into 
oyanutic acid (Ohapbor IX.)— very frequently ga.H(‘c>u.s or volatile 
substances change into solid, non- volatile, and pljysically denser and 
moro complex substances.® Wo will first make acquaintances with froo 
silicon and its volatile compounds, as substances in which the analog 
of silicon with carbon is shown, not only in a chemical but also in a 
physical sense,® 

examf-lo, tbo volume of Ca^^Ol, BIHCla-M, o( C(OCn,sh 

«al80, and Si(OC9l4)4«®S01, The eorrospondlng edt® have also newly equaJI nt«jciflo 
volumes; tor example, OaCOj-Sf, CttSl08«a41. II ie Unpoeslbla to cwupkw SiOj (msl 
COfl, booauto Uieir physical etakm are so widely dlfferjmt. 

1 But Btllea, fasea and volatllleoB (Molejian) In the heat of the tleotrle tora«je, ahont 
8000°, StOj ie aUo partially volatile at Urn tomperatore attained to the Amm oI 4«tottat* 
Ing gas (Crem©)i,‘, 1893). 

* A properly oF iiiUvromnhinaliun U obBorvahk in Iho tUoniB of earlwn, and a fwulty 
for intoroomliination, or polyincvliialion, Is aleo w^'n in the unaatiinitwl hydrornrhone 
and carbon ocmnwuudo in gtincnil. In Hilictm aproporly of Iho Bamo imturo iw found to 
bo purtioulurly dtivoUnHjd in eilicii, BiOg, wliidt is not tlui cutio with onibiaiii' tuiliydiiilu. 
The faculty <if Uiu luolocuUm of bllica fur combiiiitig both with olhi’r ninbwultni and 
among UvcimHolvea is exWUitod in the fomatloa of most variod wmixmnde with hiwe®, 
to the foiitiallou of hydrates wllli a gradoolly deereadng proportion of water down to 
oaliydroua ellioa, in the ooUoid nature of the hydrate (the roaleoakis of colbitk arc alway® 
complox), to the formation of polymorio elhoreal salte, and to many other pmpertlw 
wlJolv will bo conirfdorod In tim soquol. Having come to this ooncluBlon an to th« i»ly* 
.merlo elate of silica elnoo tho yoam 1860-1860, 1 have found it to l»e oonfirmwl ill 
Bubnequunl ruBciurchoB cm Oio oumiKmud« of wilioo, tuid, if I mistulcu not, llihi view tora 
BOW Ihk'ii very geiievitlly iiccepted. 

* It wan only uficr Oerliardt, and in ftontmd ».nl>«*fjniin<ly bi llu' e^liiMir.lunent, of 

tho true atuniic weijdilrt of Uin eleinentR {(.'Imptfr VII.}, timt iv tnu' idinv »if tin- ivtomio 
weight of ailieun and (if llio eoimninilioit ttf bilieu wnn tirrivi il at finiii th" fm l lliid tho 
molaculen of BiFj, do,, never eonbdu lenn than fiH j(n»t i of 'ilii on. 

Tlu) (jueslion of f/te cow/ansfffoM o/ silica was long tho Buhjeot of. the ruont (vintra, 
diotory atatements in Uw hteloty of science. In Uio last ooflUny I’ott, Borgmanii, and 
6oh««ls diitinfakbed riUea from olonUna and lints. In Uto b^aatog of tho pntMnt 
.cmttU 7 Smltlioa for llio first Umo axprwsed tho opinion that tlHim wan m aald, and 
tho mlaomlg of rooks salts of tots anld. Berswllue determined the preiume® of to 

fiilloft— namely, Umt 0 porta of oxygen wore united with 7 of BiUfxm. Th« wwpcwjllon ot 
eilicft was first txpromod a@ SiO (and for Uio sake of shorttiwi B only was wimBlim*^ 
writton instoad). An InvoRtlgation (n tlio oinounl of Bfllca pr»nt In CTyntalline mlnewla 
uhowtid that tho amount of oxygon in tho Imses Itoors a vmry variod pr(^)rtt«m to lltit 
aiaounl of oxygon in tho uUiea, and that Utl« ratio varies from 8:1 to 1 ; B, Th« 
ratio 1 ; 1 ifl atoo nuit with, but lha majority of theso mtnorak art! rare. Other mw® 
common mhuirato contain a larger piftportlon of ailloa, tho ratio between Uto «ryi<m «f 
the basoB and tho oxygon of tho slllea being oqtud to 1 1 8, o# thaimboute} wtoh ara Ih© 
«, 0 |ite», labradoritas, oligockso, tak, &a Tho higher ratio 1 : 0 is kwnrn lb«r a wklpjy 
i®68tiilbutod Mries of natural silieateih— fpr oxampk, tho folej^rs. Thoiio iiUavtei in which 


Tliia silicon jwwclor is nob lustrous ; -whon hoatod it oAsily ignites, but 
do<«» nob coinplotoly burn. It fuses whon very strongly hoatod, and 

Uiuir gttnttrol fomnk wUl b« (RO)iSiOa bt (Bf)0jb(610||)|i Those tu whloh the ratio of 
thtt nnygm is eqaal to 1 i ^ are tonao4 bUiUoaMt, and their generaJi formula wlU bo 
BOBiOa or (SIQgb. Tho«e la whleh the ratio is X : d will bo MHHoates, and UidDr 
gtawul formula (ROWfliOuls or (fbsOsWSiOilB* 

In tUotto fonrmlw Uio now o«tabll8h^ oompOBltlon of SlOr— that isi that In wbioh tlio 
atom of Hl«9K— iBovuiiloyotl. Hensalias, who laado on ooourato aimIvMB of thooompoaition 
<>( fulnnHir, and rtsoogiiisod It aa a IriHilUmto formed by tho union of potetsBiura oxido and 
alumina wiUi Bllira, in JubI tlm rAjuo mmmor au tho alums oro formed by tjulphuriu aeid, 
guYo oilii'a UiM awuo fonnula as niilphurJO anhytlrlda--that la, BiOj. In this caso thu 
fonuulo of folH(Hir would Iw exactly almUar to tliat of tlio alutai»«>"Uiat la, lCAl(BiOj)3r 
like tho fUunui, KAl(Htb)j. If llm winuxlsltlon of alllca bo roproeontad aa BiOg, tho atom 
of aUlotm must bo rooogtUBtKl a« equal to 49 (If 0 •» 10 ; or If 0 » 8, at it was boforo taken 
t<t bq, 81 “il). 

Th« fowaw formulw of allioa, 810(81® 14 ,) and BlOg(01i«49), were flr«t ohan|r®d Into 
tim prasant one, 810^(81 «*98), on tho basis of tho following argumenta An oxcobb of 
dlim tmottra In nature, and in eiUot'Ous nwks froo silloa k gonomlly found side by old® with 
the iillU'ates, and one is Uiorefoto led to tho oonolusSon that It has formed aoid boIIm, 
It V¥<iut<l therefore be incorrmit to comiidur tlui trlidUoates a» noimul mdtH of nilica, for 
they conUiii the Itiri^ewl proporti o <(f idlieaj it hi imu'.li laitU'r to a<linlt another formula 
with a RiimlU'r pfopHrliou of oxyKou for sllieo, ajid it then appears that tlui majority of 
tulmwala we normal or ehuhtly haida nuUs, wldlsl aomo of Uio minerals prcdoimuatlng 
Iti nature (ionlatn on exeesa of ailieo— llial la, belong to Ihn order of aoitl saJta 

At thn prewurt Ume, when there t« a general method (Chaptar VIL) for the datwmina- 
tloa of atomlo wqlgbU, the volmnes of the volatile eompottuds oi nlllm show that lls atomle 
weight 81-18, and therefore dllea is BIO*. Thus, for example, the vapour deaeity of 
elUfcon ehlorkla with refq;M»el to olr la, ae Dumas showed (1801), and b»o<» rdfeh retpeot 
to hydffjgen it is «8'6, and wneequently Hb moleoular wel^it wiU be 171 (Inetftad of 170 
a« Imlioated by theory). TIiIb weight eontaln* M parts of rilioon and 149 ports of 
eSilot in.., nml IW an ab.iu of Um latter is equal to &B’0, the molooole of Billoon oWoride coa- 
tttlmi Am two niomw of chlorino imt tKpdvideiit to nno of oxygon, tlw romiioBiUoo 

of mill .1 mil bo i'lidj- ilml i«,UoiBR.mo hh BUuuiie oxldo, HnOg, or titanie oxide, Tifb,, and 
tie. hk-’. uiid ahio iw earbonio and aulpbumuB anhydrideii, Ct)^ and BOg. lint mllea boore 
but bt«i«! pbVBUid row'iitbldueo to Um Intlor .’.inii»iund8, whilst Bbuinie and litiumlfl 
cmidoa r..M.tni'h' ®Hii a bi.lb pbyeieaUy and elwmictdly. They arc non-volnUle, crystalline, 
fn»*4i»l.h», are « ..Ihiid'j, alwi form fiwblo awda like eiliea, Am., and they might Ilwrefors be 
l« form analogous r>ompound», and Imi iwnuorplioui wiUt sllioa, &» MerignM 
fWBf ) f«nd wltsidly U* b» Urn oaao. Uo t>bt»ln»»l Btotmflttoridee, for WMapk m »»% 
gtdubb. Bkonllum •*!%, BrllnF*. 911,0. i-<srrwipomling with the obrtftdy l«f tauwa #01^ 
fiiiori.h.a. »ueh M HrBiFrt, 911^0. Tliowi two wlla are aJbmrwt Wentkil to McjsWBi^ 
form Cmr.nm-llnie ; angle of the iwIbw, iit* for the hwmer aud ii» tar th« tattwj ladtoa- 
Mtm of a» wto#. 101“ 4fl' hw the ktto and JM** W* tor the tarswr), to, they «® 
W«tt»y h«madd lhatthe»p#iiia«vdta«eldB<»toa»olldfmta 

uci «l «idd« Wl'i. 


has then the Appeamnoe of carbon.* Crystalline silicon is obtakn^i in 
a similar -way, but by substituting an excess of aluminiuna for the 
.sodium: 3KaaSiP6 + 4Al « eNaF+^AlFs + SSi. Tho part of th© 
aluminitim. remaining in the metallic state dteolvos tho siiioon, and 
the latter separates from the solution on cooling in a cryatallino form. 
The excess .of aluminium fliter tho fusion is removed by moans of hydro- 
chloric and hydrofluoric, acid. The best siiioon cx'yatals are obtained 
from molten zinc ; IS' parts of sodium silicofluoride are mixed with 
20 parts of zinc and 4 parts of sodium, and the mixture ia thrown 
into a strongly heated crucible, a layer of common salt being used to 
cover it; when the mass fuses it is stirred, cooled, treated with 
hydroohlorio acid, and then washed with nitric acid. Siiioon, ©specially 
when orystallino, like graphite and charcoal, does not in any way act 
on tho above-mentioned acids. Jt forma block, very brilliant, regular 
ootahedra having a spedfllo gravity of 2*49 ; it is a conductor of 
©leotrlolty, and does not bum even in pure oxygen (but it bums to 
gaseous fluorine), Tho only add which acts on it is a mixture of hydro- 
fluoric and nitric adds ; but caustic alkalis dissolve to it like aluminium, 
with evolution of hydrogen, thus showing its add oharootor. In 
general silicon strongly resists tho action of reagonta, os do also boron 
and carbon. Orystallino siiioon was obtained in 1855 by Dovillo, end 
amorphous silicon in 1826 by Bemolius.*^* 

SUloon hydride, SiH 4 , analogous to marsh gas, was obtain^ first 
of all to an impure state, mixed with hydrog^a, by two mtthod# s by 
the action of an alloy of siiioon and magnesium on hydroohlorio add,® 
and by the action of the galvanic current on dilute snlphurio odd, 
using oleotrodoa of aluminium* containing silicon. In tiioso oases 

* A eltnilftt form of atUoon is obWncul by funiog SlOg with mutfnoftitmi, whoti mi alloy 
of Si and ta also forraod (Oatbormann). Worron (IHHH) l»y hoatinjf ningnrplum in ^ 
eteenra of SiF, obfcalnod rillotiti and its alloy witlr tna^oaitun. Winklur (IHiW) fotwid 
tiukt-MgjSia and MgsSI oxo formed whtvn SiOg and Mg or® h^abed k^Uwr al lawm l«ra« 
pmakuros, wlilM ab a high tomparaburo Si only b tom@d. 

<*>** lb la very rwawteiW® bhat BtUooa dooompoftti wbodc iwbydrtdi cii a while h*|i, 

flMd, leavia a vwy tbaMsy^ow tnbebmM of bh@ fwmnk SiOO, w!bMt i« fcmetri 
bo bhaoquabtmiSSl-iSCOginSiOiifSBIGO. Ibieoleodowlyl^mdl wbm^wtiiliwtodi 
with oojrbonlo oxide, lb is aot oxIdiBod when heatod la esgffm. A mlrtaro'ol rfliwa wad 
oarboa whMi hMted la alterog^ flvesthe emapouad wUeh te also mty 

On thla basis Sahtltaeaberger reo^aisee a group, O^Slg, m capable ol Mobininif wilh 0^ 
and K, IDco 0. 

We may odd tiiab Troost and HautefeaflJo, by bealtof amo«phow te Mm 

^9 Qj^TI . Ai) 11 r «n SI Ai12a>A.M nwk^ wo V> u likl .a X ju. t 


’dUoon hydridts is sot froo, together with hydrogen, and the presonoo 
of the hydride -is ahowa by the foot that the hydrogen separated 
ignitciu «|K>ntttna)ualy t>n eonilng into ocmtact with the sir, forming 
■water and dliaa. The forumtion of silicon hydride by the action 
of hydroohlorio ach! on magnesium silicido is perfectly ahin to the 
formation of phesphurottod bydnigtm by thy -action of hydrochloHo 
acid trti calcium phowphido, to the formation of hydrogen sulphide by 
the aetiun ttf acids cn many rot^dlio sulphide^ and to the formation 
(ii hydrocarbonfi by thQ action of hydrochloric acid - on white catt 
iron. On htmtlng silicon hydride— -that is, on paMlng it through an 
incandeiewkt tub®, it i« d@oompo»®d into sOioon and hydrogen, just Ilk© 
th® hydrocarbon®, but the caustic alkalis, although without action 
on the latter, react with siUoon hydride according to the equation t 
81114 4- SKHO + IlaO-SiKaOa + 4H8. 

SUkoH chlorUe, BICI4, is obtained from amorphous anhydrous silica 
(nmde by igniting the hydrate) mixed witli eliarooal,® heated to a white 

(CltttfiU’r XrV., Nyk« 1?, Ifl). Tike Butwauwe ftwmtwl, when tliwjwn Inkt e mIo* 
tjon of hjNlrtrt'hhkrie ftcW, ofolve® gx^mtatieoaiily inflajmtja.hk< Huad impure iiiUoon hydriCe, 
m thsi the iKiU inftiutmiw.hiUty of the t» (»»l]y clemomtmM by tbia mi«n». 

la 1W6^ WByer und Iiu8 obWned an aHoy of idlUKan aad kf U«> 

actimi nodium ep a melton nfljclure of rnftKn».*BiBi» dbJ(«rld©, sodiiun siHeofluwide, 
and wWUom obloHdo The Mdluro Ibon tdmultMHnmly rodetoM the ^Uwa and 

mitf'neninni. 

l fttid I.rikdt.nburf( pri-pivpi’d ullii'oii hydridi* (n a pure ntoto, nad 

ftbt'W'l llml it iM not (ii«.!itiuu«'UiJy iiiflmitiuiiMt' in tiir,(kl gu' < mliuikry prenikuro, but llml, 
lilio rUj, (Ui'l bkt' Ibo iiiijrtui'o t.ri'tKiri'<l by tlio ulhivti n>i-lh<«lik, it cusiily UktiM fire la 
6ir kkti-br n I<ivs'or pri'«!)im» nr «ihrji inixid with hydroi-'an. 'Utey propkiral tho pure 
ill the loUnwins ntunmr: 'WuUlpr uhnwi'd tUkit Wlnui dry hydnclklorio aoid 
fikM Ilk |«i»»«5d tlkfoaich u iJIghtly l«?4Uid ttttw wmtoUklnif »k!l«<n it fk»mi8 u very «ola,ti]« 
eokwtew lirjwM, whteh ftim» etm»gly to air j this J# a mistore of •£[!«& dbteide, tlG4, 
wad iitimm tiHClj, which etnre^poml* wt^ «pdtoa*y «Wo*yten», CHCl*. 

This mlstttM ia taiflf % disWtoyon, siMeon dUoride bdl« at W®, and 

sflleflH eWoreh>rm at if*. The tonmton of the totow wSl b« w!»d«wk»d feom tti# 

fli + snCl«Hi + WIICb. II Is us tkahydreaf to8««a»W« UfuM of tp^lio 
mvlty t*fl, U fi^nnn u tPMidltkai fir«-4uet botwcon giUj and SiCh, and may be obtoined 
n*ktiii nilii .-t) tiy.bi-lo by ib» twtioii nf rhb*rln«i and HM’l.v and in il»tdf al«i Iraniifomiod 
Into fiitii-on I I.y tin* tkrfinn nf rbbirbm. (InttpriiiiuUk nbbiisutd BiUClg by lumtisg 

tb«’ < kifb-r Ui«i tw'lli'ii {Ni-U> 4) nf Mk m-on HiC^a, in u Btrisuni nl cblnrto© 

fwktb llt’U «kt 47ki ‘. Frlwb'l and iMuU-nburK, by iw'Uiikj nu BJtkbydrnkJS idck>hk>l with 
*Jl|pirtS4 clkbuoftirisi, (■V-talfis'il kill rthprr'Nd tfunnoiund hnvlng tins «xim|k>«itlon 8ilI(OC|Hjb» 
Thi« (uUirr boils lit ItW'", Wkd wlwn n-etts-l cm by fttnllum diwinifii^cn wbcoa hydddi, iuj 4 
t»eB»»«tod Into etbfl iirtbissllkato, BgCKbjlfj) 4 ,««tw-dlHi| to feb»» otiag.UwB 48iK(OOjH.|hk 
• + {tU« «»Alttrsi to be ttHobasged), wbkh to «»o% rfmlte 

K.. it... ..I it.-. with #Wktolie^ of 



Free silicon forms the same substance when treated with dry chlorine. 
It is A volatile colourless liquid, which boils at 69° and has a specific 
^avity of l'6'2. It fumes strongly in air, has a pungent smell, and in 
general baa the characteristic properties of the acid chloranhydrides. 
It is completely decomposed by water, forming hydrochloric acid and 
silicic acid, according to the equation : SiCl 4 + 4HaO=Si(OH)4 + 

{aimed. In Chapter XI., Note 13, we saw that elements hke silicon disengage more 
heat with, oscygen than with, chlorine, and therefore their oxygen compounds cannot be 
directly decomposed by ohlotine, bat that this can be effected when the affinity of carbon 
for oxygen is utilised to aid the action. When the moss obtained by the action af Mg 
upon SiO* is heated to 80t)° in a current of chlorine, it easily forms Si0l4 (Gatternmnn) i 
besides which two other compounds, oortesponding to SiCl4, are formed, tUunely: 
Si/jClg, 'which' boils at 146° and solidifies at —1°, and SijCls, which boils at about 212°. 
These substances, which' answer to corresponding carbon compounds (C2He and OuMg), 
act upon water and form corresponding oxygen compounds ; for instance, SijOlg+iHaO 
(SiOaHjjd- 6HC1 gives the analogue of oxalic acid (COjH)^. This substance is insoluble 
in water, d&omposes under the action of friction and heat with an explosion, and should 
be called siUco-oxaUo acid, SijH^O^ {see later. Note 11 *>••). 

^ Silicon chloride shows a similar behaviour with alcohol. This is accompanied by a 
very characteristic phenomenon; on pouring sih'con chloride into anhydrous alcohol. a 
momentary evolution of heat is observed, owing to a reaction of double decomposition, 
but this is imm ediately followed by a powerful cooling effect, due to the disengagement 
of a laj^e amount of hydrochloric acid— that is, there Is an absorption of heat {i:om.’tho 
formation of gaseous hydrochloric acid. This is a very instructive example in. this 
respect ; here two processes occurring sunultaneously— one chemical and the other 
physical — axe divided from each other by time, the latter prooess showing itself by a 
distinct fall in temperature. In the majority of oases the two. processes proceed simulta* 
neoualy, and we only observe the difference between the heat developed and absorbed. In 
acting on alcohol, silioon chloride forms ethyl orthosilioate, SiCl4+4HOC2Ha=4HCl 
+ Si(OC^H5)4. This substance boils at 160°, and has a speoifio gravity 0'94. Another salt, 
ethyl metasihcate, SiO(OC2H5)3, is also formed by Uie action of silicon chloride on anhy- 
drous alcohol; it volatilisea above 800°, having a sp. g». 1’08. It is exceedingly interest* 
ing that these two ethereal salts are both volatile, and bolii correspond with silica, 
Si02: the first ether corresponds to the hydrate Si(OH)4, orthosilio acid, and the 
second to the hydrate 8iO(OH)2, metasilioio acid. As the nature of hydrates may 
be judged from the composition of salts, so also, with equal right, can ethereal salts 
serve the same purpose. The composition of an ethereal salt corresponds with that 
of an acid in whi<ffi the hydrogen is replaced by a hydrocarbon radide— for instance, by 
C2H5. And, therefore, it may be truly said that there exist at least the two silicic acids 
above mentioned. We shall afterwards see that there are really several such hydrates $ 
that these ethereal salts actually correspond with hydrates of silica is clearly shown 
from the foot that they are decomposed by water, and that in moist air they give 
alcohol and the corresponding hydrate, alQiough the hydrate which is obtained in the 
residue^ dways corresponds with tae second ethereal salt only— that is, it has the 
composition SiO(OH)2 ; this form corresponds also to carbonic acid in its ordinary salts. 
This hydrate is formed os a vitreous mass when the ethyl silicates are exposed to air, 
owing to the action of the atmospheric moisture on them. Its specific gravity is 1'77. 

ivoTnide, 8iBr4, as well as silicon bromoform, SiHBrg, are substances closely 
sses^Uhig the Ckblorine compounds in their reactions, and they are obtained in the same 



fluoric ftcicl on silicA ami its compounds (810^ + 4lIFsa=2UaO + SiF^), and 
also by heating fluorspar with bilica (flCaFa + SSiOassflCaSiOa + SiFft)." 
Tu order to projHiro liiUcon fluoride, sand or broken glass is mixed with 
an otjuul quantity by weight o! »flu<irapttr and C junrla by w<>ight of 
strong sulphuric acid, and the mixture ii gently heated. It fumoa 
strongly in air, jmeting with the aqueous vapours, although it is pro* 
ducal from iiJiea and hydroQuorlo aoid with the separation of water. 
It is ividtat that a reverse reaction oocure here ; that k to say, 
the water rmots with the sllieon fluoride but the reaetioa is 
not eomplite. This phenomenon is similar to that which occurs 
when water decomposes oluminiura chloride, but at tho same time 
liydroehlnric acid dissolves aluminium hydroxide and forms tho same 
aluminium chloride. Tho relative amount of water present (togotlmr 
with tho temperature) determines tho limit and direction of the 
waetion. Tho faculty which ailioon fluoride has of reacting with 
water it so graat that it tak(^ up tho elements of water from many 
iul«tanc»«~for Instance, like sulphuric acid, it chars paper, Water 
dissolve® about 300 volumes of this gas, but in tliis oas© it is not a 
ooraraon dissolution which tak^ place, but a reaction. During the first 
abtiorptiou of silicon fluoride by water, silicic acid is separated in the 
‘form of a jeUy, but a certain quantity of tho silicon fluoride also 
remains In tho liquid, l>©eauso tho hydrofluoric acid formed dissolvM 
tho other part of tho silica ® and forms tho so-called kydrq/liMisUkU 

mumt. iiUson SiUIj, ktils at alxml has a spwiao gratis ot S’4, 

mwls m MWBwtUMjr silk^jn clJornform, sntt Is foroisid, together with sIJioaH (odlde, 
bf tb« ociihMi of a mixtoro of hydrogon and hjdriodto aold ou hosMi dlima StUocm 
lodWi# i* ft iolid lilt ordlaftry tanpemturo, fa«t^ at ftboat WO® ; it laay b« dtetUled to 
k ihvsuB of ewfbottie aubyeWde, but coally Mtas fir® to efr, ftad bab&t®* water aad 
otfier r«mg<mte ju»l l^t> siliwm cbinrldi). It nmy \w> obto.im>d by ttie dbreet ftettoa of the 
ft iiwliiu' ti» wilii'tiu. lli’SBou (IHUJ) ftliKi otttttlnwl fllCljI (boils at 118^), 

BiCl-,!, (17'4 ■), ttiid liiClIs CJCU "), (u»<\ Ut« ci*rr<mjK<iuUttK broiuino p.imiK>utid&. AU Us^ 
ImJ.'KiiU fnimHiundti <if Hi ivri' <if ubw'rbiiiH CNIIj o.»d iU«id«'t» wlilch 

HtHCl. l.y hicatiiiK Uj i>» lli® vai^tur of obbihdo of sulphur; tht» 
-WtutMJund uwlte at 1A'\ tenl® at IHS”, aud (flw® wiUi water tU® hydmte cd 

• Tltte prwjitfrti of esJk'tottj fluorldo of <«mv»rtlng RtUei. tote ft gw ead ft ■riteftou* fo«Kte 
of eakittm *!ltc*t*> is firt.»{Uw»Uy taketu advanteg® t»( to lb® lutKautory and fa pracMw 

to «rd«r to reaiow Blbea. The iwm« if®*elk»« is employed for pw]^ftef 
ft Iftfg** K*lo to tbfs i&auttfMtwe (4 bytbf«>Bttttiiflleto ««iil 

• Tlio Maotml 0 f heal by tb® wdutiau el rtW® iwWt, 

hydrc^mirk wW, •riF»K«0. to@few«« witb lb* mspWte «r # 

whw » wjdM tortwwfi J ft»d ^ B«wfir«,Wh*#*l&to®taasdww» 
iww»l #b«ll# bt^ood tb«* iwaouat 



acid : HjSiPg-SiF^ + 2HP=SiHaOa + 6HF— SIIjO. That ia to say, 
a metasilicic acid, in which Og is teplaoed by ^*8. 'Thia 

view of the coxnpoaitioh of hydrofluosilioio aoid may be admitted, 
because it forms a whole series of crystallisablo and well defined 
salts. In general, the whole reaction of water on silicon fluorido may 
be expressed by the equation ; SSiF^ * 3HaOBaSiO(On)g4-2SiHaFg. 
Hydrofluosilioio acid and aiUcio aeid resemble each other as much, and 
differ as much, in their chemical character os water and hydrofluoric 
acid. For thia reason silicic acid is a feebler acid than hydrofluoslUdc 
aoid, and in addition to this tho former is insoluble, and the latter 
soluble, in water.'® Hydrofluosilicio aoid is also formed if Bllicio aoid 
be dissolved in a solution of hydrofluorlo acid. It is incapable of 
volatilising without decomposition, and on heating the concentrated 
acid siUoon fluoride is evolved, leaving an aqueous solution of hydro- 
fluorio acid. This is the reason why solutions of hydrofluosilicio acid 
corrode glass. This decomposition may be further aooelerated by the 
addition of sulphuric aoid, or even of other acids. HydrofluotUicio aoid, 
when, acting on potassium and barium salts, gives precipitates, beoaua© 
the salts of these metals are but sparingly soluble in water i thus 
2KX4-HijSIF6*a2IIX + KaSiFg. Tho potassium salt is obtained ha 

In roollty, howovor, It would Boom that tho motion la gtiU moro ooraplos, boctaw 
tho aqnCouB aolutlon of bIUooh fluoride does not yield a hydrate of Btlleo, but a flao* 
hydrate (SobifI), SigOgfOH)?, oorreepondlng to the (pyro) hydrate BlaOs(Ql%, oquei te 
8iO(OH)g8lOa, eo that the roaoWon ot ellloon fluoride on water ia eKpreesfid by the 
tlon ! eSiPg + ra BSlHal'fl-t- 8l90s(OH)I'+ B]P. Howerer, BetBoUuji «tat#a that the 

hydrate, whon well waahod with water, oontaln* no fluorine, whioh 1« probably du® to the 
fact that an oxoeea of water deoomposeB SiaOgfOHlF, forming hydrofluorlo add and toe 
compound SijOjfOIllfl. Water Boturalod with ailioon fluorido disengagOB slUoon fluoride 
and hydrofluorlo aoid when treated with liydroohlorio aoid, tho golatinous prooipitato Iwlug 
eimultanooualy dissolvod. It may bo further rouiorkotl that hydrolluoailioio arid haa boon 
froqnontly regarded as 8103,010’, lieoausu it is forniml by the wilutiim of (lilira in hy(lr«>’ 
fluorio odd, but only two of thoso eix hydrugena are roplaoeti by motalii. On 
tion, solutions of too add begin to dootmj|Kj«o when tliey reach a ctTMigth of 
per HaSiPfl, and therefore the odd may be regarded os Si(0n),,aH30,flHF, but Uie «*r- 
responding SBlta ooutain Iobb water, and there are even attoydiW wdtB, ®o that 

toe odd Itself k moBt dmpby rep*e««ntea ae 

K fueoat dheoa fluonde be passed directly into water, toe gan-^dueMiiii; tub* W 
ocmea dogged with toe predpitated Bflido odd. This I« bert ptmmitA bf fmm«rdag to« 
end of toe tube under merdiry, and then pouring water over toe mereaiyi toe Btotwa 
fluoride thou passes through toe meroury, and only oome* Into contact wito toe watar at 
Its surface, and consequently toe gaa-oaoductiBg tube remainB unobstructwl. Tlui niHoJo 
aeid thus obtained soon Betties, and a eolourlees eolutitm with a pleasant but dtotlaatly 
add tasto is procured. 



Moiwan in Fmnco (1891), and otherg, by redudn^; edlica witti carbon ‘in 
tlni olootrioal fumnoo at a temperituro of abont 2600® **, ia by th© 



ijnd thtsreforo usttt for polwbmg tho hardofit kinds of stool and afconoa. 
Tlio ap«iflc gravity is al>out Sd. Oarborundura does not alter at a 
toI boat, doos not burn, and apparently approachos tho diataond in 


pound for boron, BgO, sp gr. 2-6,) 

According to the prinoiplo of aulwtitutlon, if siUoon formii SiH 


oonwponding to it. Tho Brat hydrato of an alooholio oharaotor 
ought to havo tho oompoaition SiH8(OII) j tlio second hydrato 
Slit, (011)8 ; the third, 8111(011)8 ;“!>»« and tho lost, Bi(OH)8. Tho 


w tii» (KHliani; nab ia far more «>luWo in wfttisr, and cryatalliMs In Ibo hexagonal 
*Sy«tea. llwi roagnettlttm aiUt, MgHlPo, and caJoium «dt are ftoluU® In water. TUo 
Mdt» tit hydrtiflttOiilbU) oeid may bo cibtainad not ««ily by U»o ootiun of Ulw add on ba»8 


mtftellie flutrlclo, EaFf 

n ft*' NoU 4 lil». IbritHlily tk)b{ltKJid*erger liofl flJtmdy obtalnod OSt In Ua 
rowiarobos U.g<’Ui«'r with t.Umr wlu nu I'eitnimumk. An amorphono, lo«8 liard ooenpoond 
of Uki ^miK' iiU^y iw hIm. i.btain- <l ti'g' Uii-r with thu lianl cryi.Udluio CHi. 

>1 ' t" 'Him f-.H' Avitig < i.niilib'tatliiti Ih vi-ry Inijwwtimt inexplaiiiiug tlionatnronf Uio lower 
Hydratt.ii ubiili oro luae'u fi.r ii.ibi.>.ii. H ho utiipiM.iin wuti't Ui luitakoii lip (oiiii Ibii flrol 
bydrukwi (jtifel (i» fi'tntli' *u i4 Ih CHltiHla, wsirtioi walur), wn aludl obWu Uie voriuua 
low«r byilrat<’B e.trr. wiUi wbnai hyilrido. Wlmu IguiUvd they sJioold, like 

pJwasph«*«»« awl byj«.|>b‘iiij»bi*r<>UM aoidti, dlacngago nilU'itn hydridu, and l«i.vo a roaiduo 
M riltoi bililad— 4-6. nf Uio o*id«i wrrs'Si^ndlng l« tho highest hyiltato— Juit ao orgoida 
hydsnbei (far Maniple, famio w-id with on alkaij) bntn carbonic anhydride ^ the high«^ 
oxygnti nompmuid, H»n*.h lmiwrt«»ot hydrattw of wUeon, twr, more otwwKstly ip«H»g, ol 
dJiw.n bydrldo, worn first «.blalnfed by Wiilder (1H«8) m& rtndW by Qettlb«r (18««), and 
•ero iiwtn-4 tdu.r tlwir oharockirittlie eelonm {Hm Note fi), 

£rmei.fm 1» a «ihite hydrate of th« c«o|KJ«Hkw Il i# obtelaad by riowly 

the vafwtir uf oihwm 6bk«»foria In In oold wotw : BillCh + ftHjiO «» SiH (OH)# + 81101. 




However, remain m tnis state, out easily loses part oi its water, 

Silica or silicic anhydride, both in the fre,e state and iti combination 
with other oxides, enters into the composition of most of the rocky 
formations of the earth’s crust. These silicious compounds are sub- 
stances varying so much in their properties, crystalline forms, and rela- 
tions to one another that they are comprised in a special branch of 
natural science (like the carbon compounds), and are treated of in 
Works on mineralogy ; so that, in dealing with them further, we shall 
only give a short description of these various compounds. It is first 
of all necessary to turn to the description of silica itself, especially as 
it is not unfrequently met with in nature in a separate state, and often 
forms whole masses of rocky formations, called ‘ quartz.’ In an anhy-» 
drous condition silica appears in the greatest variety of natural forms-— 
sometimes in well-formed crystals, hexagonal prisms, terminated by 
hexagonal pyramids. If the crystals are colourless and transparent, 
they are called rofih crystcd. This is the purest form of silica. Pris- 
matic crystals of rock crystal sometimes attain considerable size, and 
tis they are remarkable for their unchangeability, great hardness, and 
high index of refraction, they are' used for ornaments, for seals, 
making necklaces, Ac.*® Eock crystal coloured with organic matter in 

remain in this state of hydration, but loses a portion of its water. The carbon hydrate of 
this nature, CHiOEQj, loses water and forms formic acid, CHO(OH) ; but the ailicoi^ 
hydrate loses a still greater proportion of water, 2SiH(0^3, parting with SHjO, and 
consequently leaving SijEigO]. This substance must be an anhydride ; all the hydrogen 
previously in the form of hydroxyl has been disengaged, two remaining hydrogens being 
left from SiHi. The other similar hydrate is also white, and has the composition SisHjjO 
(nearly). It may be r^arded as the above white hydrate -h SiOi-. A yellow hydrate, 
inown as dhryseone (silicone), is obtained by the action of hydroolilorio acid on an alloy 
of silicon and oaloinm; itft composition is about SigH^Os. Most probably, however, 
chiyseone has a more complex composition, and stands in the same relation to the hydrate 
8iHj(OH)s as leucene does to the hydrate SiH(OH)3, because this very simply expresses 
the transition of the first compound into the second with the loss of water, 
— Ha -t- HqO 8iH(OH)3. 'When these lower hydrates Ore ignited without 
access ed air, they axe decoiUpoaed into hydrogen, silicon, and silica— that is, it may be 
eopposed that they form alicon hydride (which decomposes into silicon and hydrogen) 
and silioa (just os phosphorous and hypophosphorous acids give phosphoric acid and 
l^ioephuretted hydrogen). 'When ignited in afr, they bum, forming silica. They ar© 
none of them acted on by acids, but when treated with alkalis they evolve hydrogen and' 
give silicates; for example, leuoone : SiHaOj 4 KHO = SSiKaOs + HaO + fiHa. They 
have no acid properties. 

1 * Two modifications of rock crystal ate known. They are very easily distinguished 
from ea^ other by their relation to polarised light ; one rotates the plane of polarisation 
to the right and the other to the left — in the one the hemihedral faces are right and in 

other they are left ; this opposite rotatory power is taken advantage of in the con- 
struction of polarisers. But, with this physical difference— which is naturally dependent 
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cotitftot with which it ha& Wn prodoced has a brown or greyish colour, 
mad then btmra tho nnroo of caimgotm or svioky quartz, In this form it 
has the aame usoa aa rock eryetal, eapooially as it is often found in large 
mfeMes, Tho same mineral, frequently occurs, coloured rod or pink by 
manganese or iron oxides, especially in aqueous formations, and is 
then known oa amethyst. %Vhon finely coloured tho amethyst is used 
ai a prMloiis atone, but amethysts moat frdtiuontly occur as small 
cryitali in tho oavitios fonnod in other rocky formations, and ospo- 
elally in those formed In ailioa itself, A similar anhydrous silica 
i« often found In - transparent non-crystalline masses, having the 
lamo ipiolflo gravity m rook crystal itself (3-66). In this ease it 
li oaUid quarti.. Sometimes it forms complete rooky formations, but 
more often penetrates or is Ihterspdrsed through other rocky forma- 
tions, together with other siliceous compound. Thus, In granite, 
quarts ia mixed with felspar and similar substanotss. Somotimoa the 
colouring of qimrtz iS so oonsidorablo that it is hardly transparent in^ 
thin slHHsts, hut it is often found in transparent masses slightly coloured 
with various tints. Tho existence in nature of enormous masses of quartz 
provt« that it remsts the notion of water. When water destroys rocky 
formafeloas, the silioeoua mineral# which they contain are partly din- 
folvid and partly transformed into clay, <feo. But tho quartz remains 
untouched, in tho form of grains in which it existcwl in tho rocky 
formation ; Hometimes, whoa crushed,, it is carried away by tho water 
and depofiited. Tliis is tho nature of sand. Naturally, somotimos 
other rocky suhstancc's which aro not ohangotl by water, or only 
slightly act«Hl (III by it, aro found in sand ; bat as theso latter aro more 
or !«• changed by tho continuous action of water, it is not unusual tea 
find land which eonaists almost entirely of pure quartz. Common sand 
li potmlly oolounid yellow or nxldish-brown by foreign minoml matter, 
ccmilstlng prineijmlly of foiruginous minerals and clays. The purest 
or M-oallwl quartz Rand in, howovor, randy found, and Is rooognisod by 
th« abiienco of »‘olour, and ahio by tho test that when shaken in water 
it ihw-n tint form any tmiuiUiy ; tluHrihoWH tho ali.ioimo of clay ; when 
fu«i-d %vith bir!» •; it. fiirnni a eolourloan glaMji, and on thin noeount in a 
VB-luftblo luiitrrial for the inamifacturo of glaasi. Baiuht wore formed at 
all {.tfrrimk of th»» earth'a exiwteneo; the ancient ones, cfimpnwstHi by 
itrat* of more nn'mit formation and pennoated with wirious suhiteuoes 


agencies, and on account of the facility with which it tfiay bo wrought 
from rooky formations into immenao regularly- shaped £lag«~tho ktt®? 
property is due to the primary laminar structure of the sand formafckmi 
deposit^,^ as above-mentioned , by water. Many griudston^ and whoi 
etones are made from such rooks. 

Perfectly pure anhydrous silica Is not only known to the (m* 
dition of rock crystal and quoirtz liaving a specific- gravity of 2% but 
also in anotlier special form, having other chemical and physical pro- 
perties. This variety of flllioa has s speelfio gravity of 18 -2, and is 
formed by fusing rook crystal or beattog Bilidio aold,‘^tto Silicic add, 
when heated to a dull red heat, parts ©ntirdy with the water it 
•oontatos, and leaves an exoeedtogly fine amorphous maM ol dII(»(wtUy 
levigate^ but difficult to moistem) j it Is oharaoteiHM by sudk wc^ve 
friability that, when lightly blown on, a large moss o! it into the 
air like a cloud of dust, A mass of anhydrous silica may be poured to 
this way from one vessel to another like a liquid, and like the latter It 
takes a horizontal position in the vessel containing it,** Anhydrous 
aili'ea, like quartz,- does not fuse to the heat of a fumaoe, but it fuee« to 
the oxyhydrogen fiame to a colourless glassy mass exocilystmilar to that 
formed to the same way from rook crystal In condition dUea Ttm 
a spedfie gravity of 2*2.'* *»** Both forms of silica are tosoluMe to 

is bta otiher isodifloaiiona ore koown os minuto oiTstiils. For time 

is a pturtiouloj ndnoral first lountl in Sfcyria tinfi known m Mdj/mite. Its* pmvity 

1i'8 anfl form of crystala olonrly dlBtbgdiJi it from rook crystnl ; ita luvrfiniwa in tho mim 
AB that of quarts — that is, alightly Mow tiiat of Uie ruhy ami fiituwitui. 
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*>*« Silloa also oooiwa in ufttujr® in two modiiioaUema, oadi iripeli 

•(infueoriid earth) have a spooifiQ gravity of alwat S*S, and am compn.tivoll' «■% 
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silioA BometimoA pameAtCB the ooUitioHe of w^, forming one of tit# wdiiwy kteda cd 
petrified wood. The bQIoa may be extraotod from it by ton aotton of hydroflaftrto Aoid, 
And the oellulOM remninB behind, whloh dearly ahowe that kUIoa in a wdohte ten (m 
eeqnol) has pemeated Into the o^o, whm-e it hM depodted tiw hydiulo, whioh hu kM 
water, and given a siUoa of ap. gr. S-fi. The quortgofte rtoketitoa foand ia owkJa fiatis 
.are aIbo evidently of a dmikr. aqaeonn origin ; thdr ep, gr. I« al«o> §r$, M 
of amotliyet aro CrequeatJiy found Among otndoedfmiM, and W Friedatt mi SaWM (Wf) 
obtained crystala of rook crystal by heating uolubla glwi with aa mmm of hydmte ©f 
^OA in a ^sed veasel, there is no doubt Imt timt took orystal iteeif iw f«rmi»d in th# 
■weit WAV tcom tim gelatinous hvdrate. OhrouBtohoff 


powder obtained by boating the hydrate. The latter is quite soluble, 
altliough but slowly, In hot alkaline solutions, This lost property 
appertains in a greater degree to anhydrous silica having a .epooiflo 
gravity of 2'3 tlmn to that which has a spoclfio gravity of 2-0. - Ilydro- 
fluorio acid more easily transforms the former into silicon Quorido than 
it does the latter. Both varieties of silioii, when taken in the form of 
powder, easily oombiae with bases, forming, on bebg fused with* 
an alkali, a vitreous slag, which is a salt ootrespoading with silica, 
Olaas i« suoh a salt^ formed of alkalis and alkaline earthy bases ; if 
the glass does not contain any of the latter— that is, if only alkaline 
glflM be token— a mass soluble in water is obtained. In order to obtain 
aufih mhM} gUm, potassium or sodium carbonates, or bettor a mixture 
of tht\ two (fusion mixture), is fused with fine sand. A still bettor 
and further Hutunvtkm of the alkalis with silica is effected by '■the action 
of ttlkaUtu) ««jlutiona on the silicon hydrato mot with in nature ; for 
liwtenoo, an alkalitio solution is often mode use of to act on the 80 « 
called tripoli, or eolleotion of slliooous skeletons of the lowest mioro* 
aeoplwtl Infusoria, which k sometimes found in oonsiderabl© layers in 
the form of a sandy mass. Tripoli is used for polishing, not only on 
m'count of the considerable hardnws of the silioa, but also because 
the microtj<50pio ImmUoh of the infusoria have a poinkHl eliapo, which, 
hnwevt'r, in not angular, so that they do not scratch motols liko 
The alkaline otilutitmeof silica obtoinod by Imiling tripoli with 
muftio Boda under prewuro contain various proportions of silica 
and In erder that it may oontoia the gtmt«t amount of 

TbB8 IWs hjfitovt® t« tc tem aet etdy toe vwWfy haviiif tb« epaoiflo gravKiy 
,S*I b«i ii« lb« Jatve rtaWft vwrtety.trf sp, gr. t'0} sad both eati»lwito a miidl pro* 

C 'm rtf wftlw 84»<1 iti ft iwfwUy aabydroua stale in aa mnorjthoaa aud onTetaUiao 
, All ftu’U (iro by rwtgrtlBliig wilioa m diuu)U»ha«8, aad thel* 

eeitt til, l.M.kt'il f.<r ui a iliit,>n>nwi In Uit>tbtgrwt of p,tlynu'riiuitii>ii. 
n t.f p. ifi'fily Vilnlti triiiili Imvo Ihksii ilimtvtmMl lutar iSwtiium, ami 

|4,iV«i i.( r.'StUlIK, ),il l tWH'O. 

H Ms Aikahmi whitj.ins, wUb BiUoft OJul kmiwn m aubj?!/,' yhw», nx«» pro, 

pariJil OH a k(, 5 n l•‘t OH ium-al liUris.iH.a lij tUft of jNtUowujo (or iodilim) 

hydfMklo *« ft ®tr«tn U'ilrr on tru>«li ur iufii»„riiU oarlb, wbinh ooiiinma m. burga itfunjor* 
IWB af Mw.*rplt»Ma wlloft. All ta.UUiotw of Urn ftlkaJeio wlniat## Hrvi, m alkftlme inmelloB, 
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the solution be concentrated, the whole mass thickens' to a jelly, 
due to the gelatinous form of the silicic acid separated from the 
salt by the action of the acid^ The decomposition may be expressed 
by the following equation: Si(ONa)4+4HCl « 4NaCl<f‘Si(OH)4. 
Tlie hydrate separated, Si(OH) 4 , easily loses part of the water and 
forms a jelly, the- whole mass gelatinising if the solution be strong 
enough.'® 

•Neither of the two varieties of anhydrous silica, nor the various 
natural gelatinous hydrates, are directly soluble in water. There is, 
however, a condition of silica known- which is- soluble in water, 

due to the fact that the hydiate of eilica present in the solution acts upon tlie lime, 
forming & stony mass of oaloium silicate, whilst the oarbonio acid previously in com*; 
bination with &e lime enters into oombizuition with the elhali and is wadied a^^y by 
the -water. 

The equation given above doe& not express the actual reaction, for in the first 
place silica has the faculty of forming compounds with bases, and therefore tho for* 
mula 8iNa404 is not rightly deduced,, if one may so express oneself. And, in the second 
place, silica gives several hydrates. In oonseqnonoe ot this, the hydrate precipitated 
does not actually contain so high a proportion of watef as Si(OH)4, but always less. 
The iusolnble gelatinous hydrate which separates out is able (before, but not after, 
having been dried) to dissolve in a solution ,of sodium carTx)nate. When dried in sir its 
composition corresponds with the ordinary salts of oaxlwnio acid->that is, SiBaOs, cw 
&iO(OH)3. if gradually heated it loses water hy degrees, and, in so doing, gives vsilons 
degrees of combination with it. The existence of these degrees of hydration, having the 
•composition SrHjOswSiOj, or,Jn general, nSiOgwHsO, wherO nKn, must be recognised,'] 
because most varied degrees -of oombination of silica with bases axe known. The 
hydrate, of silica, when not dried above 80°, has a composition of nearly £[48)809 
={£[28105)28102, but at 60° contains a greater proportion of silica — that is, it loses stall 
more water; and at 100° a hydrate of the composition SiH2082Si02, and at 250° a 
hydrate having approximately a composition SiH20578i03 is obtained. 

These data show the complexity of the molecules of anhydrous silica. The hydrates 
of silica easily lose water and give the hydrates (Si02)n(HsO)n,, where «t becomes 
smaller and smaller then n. In the natural hydrates, this decrement 6f water proceeds 
quite consecutively, and, so to say, imperceptibly, until n becomes inooirqiarably greater 
than, m, and when the ratio becomes very large, anhydrous silica of the two modifications 
2*6 and 9:2 is obtained. The composition (8102)10^0 still corresponds, with 2-9 pn. of 
-water, end natural hydrates often contain still- less water than this. Tims some opals 
are known which contain only 1 p.c, of water, whilst others contain 7 end even 10 pn 
‘As the artificially prepared gelatinoiis hydrate of silica when dried has many of the 
properties of native opals, and as this hydrate always loses water easily and oon- 
tinpally, there can be no doubt that the transition of (8i02)n(H20»,) into anhydrous 
silica, both amorphous and crystallino (in natme, chalcedony), is accomplished gradually. 
This can only be the case if the magnitude of n be considerable, , and therefore the 
molecule of silica in the hydrate is undoubtedly complex, and hence the anhydrous 
fflh'ca of sp. gr. 2-2 and 2-6 does not contain 8i02, but a complex molecule, Sin02»i — tliitf. 
is, the stracture of silica is polymeric and complex; and not simple as represented above 
hy the formula SiOa. 



Onyiors of Ictuana and thoao in bho North Atnenoan National Fark 
(Yellowitono Valley) —contain a coimidcrablo amount of silica in 8olu« 
tion. Ruch water, pormonting tho objects it moots with— for instanoo, 
wood - -penotratos into thoin and dopoaits silica insido thorn, that is,, 
tranaformi thorn into a potrifletl condition. Siliceous stalactitos, 
and ako many (if not all) forms of silica are formed by such water, 
Tho absorption of silica by plants by means, of their roots, and 
also by the lower organism's having siliceouB bodies, is due also to 
their nourishing themselves with the solutions containing silica' 
continually fonned in naturb. Thus, in plants, in the straws of. 
the grasses, in Imnl shave-gross, and especially in tho knots of 
Immhoo atid other straw-like plants, a considerable quantity of 
silica is depimited, which must previously have boon absorbed by th'O 
plant!!. 

Silicic acid is a colloid. Tho gelatinous silicon hydrate is its 
hydrogel, the soluble hydrate Is the hydroaol (Chapter XII.) Both' 
varietiM may bo easily obtained from tho alkaline silicates and from 
water-glass. The very same subatancos — that is, aqueous solutions of 
soluble glow and acid— 'taken In tho same proportion, may .produce 
either tho gfilatiuoua or tho soluble silica, according to the way those 
iolutiona are mixed together. If tho acid bo added little by little to tho 
alknlim nUc<ih\ with cmitinuouB stimng, a moment anivos when, tho 
whole mai8 thickens to a jolly, hydrogel ; in this case tho silicic aoid is 
formed in tho midst of tho alkaline solution and becomes insolublo. 
But if tho mixing bo done in tho reverse order— that is, if the soluble 
■glow Im added to tho acid, or if a quantity of aoid bo rapidly poured into 
tho solution of the sadt— -then th© ioparaMon of tho silica takes plaoo 
in tho midHt of tho acid liciuid, and it k obtained in the form of th© 
ioluhlo hydrate, tho hydrmsol.'** 

t** Thx jir.Btriu'in t.f Ml ( ..t lu'i.t thx rutwitionnf Urn mill'll 5n tho Buhitina, 
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dialysis , as Graham showed (in 18G1) in.onqumng into thu uuturo of 
colloids (Ohaptor I.), and making many other important ahf'sincal in* 
vostigations. Tho solution, containing tho acid, tialfc, and Bilieji, all 
dissolved in water, is pourod into a dialysor— Idiat is, a vmuA with a 
-porous diaphragm surrounded by wator. Certain substancca pftssi mort 
easily through tho diaphragm than others. This may Ikj roprcMat^ 
thus : tho passage through tho diaphragm procwls in both directions, 
and if tho solutions on each sido of tho diaphraipa bo otjutdly strong, 
there will bo equal numbers of molooulm of Uio aolublo Eulwtanoo 
passing into either side in a given time, some pfMing quickly and 
others slowly. The metallic ohloridoe and hydroohJorio jwad kdcnig to 
tho series 'of crystalloids which easily pass through a diaphragm, and 
therefore the hydrochlorio add and sodium ohloride contained in the 
above*m’entioned dialySer pass from tAie solution through the diaphragm 
into thb wdter of the external vessel with oonsiderable rapidity. The 
aqueous solulion of colloidal silica also penetrates through tho diaphragm, 
but very much more slowly. But if tho amount of tho BulHtenoo 
dissolved is not ociual on eitlmr aide of tho diaphragm, tho whole 
systotn strives to attain a stale of equiUbrium ; that w, tlm given 
eubstonoo penetrates through the diaphragm from the. sido where it 
is in excess to the port where there is a smaUer quantity of it, AU eub. 
Btaneea ivhioh are soluble in water have the faculty of ponetrating 
through a merobrauo awoUon in water, but the velocity of p«ietmtit>n 
is not equal, and in this respect the dialyser separatoa suhstamw like 
asieva Tim silica possess loss rapidly thnmgh tho diaphragm than the 
sodium chloride and hj'droohlorio acid, so that by rtqx-aUKUy changing 
the external water it is easy to oToot tho extraction of tho ohloriow 
compounds from tho dialyser, which will finally only wntam a wdulion 
of silica. This extraction (of HCl and Nad) may be m wmpkto il»t 
the liquid taken from dialyser wUl not give imy prodpitiift wl^ a 
solntton of riiver nitrate, Graham obtained In tbla way rtllm 

having a distinotly aoid reaction, which, however, disappear^ on th« 
addition of a very minute quantity of dkali ; for ten parte of eiliwk in 
the solution it was sufficient to take one part of alkali in order to gi v« th© 

tnolybdio or tongetiio odds my bo bealod, ovapomted, md fear a Iwf pwlod M 
withoal tho oolublo form bolag eonvsrtad into the kaolabk, 

^ Bee Olmpter 1., Note IS. A eolaUou of water-gliuM mixtd wfte m d 
fWotio acid la pourod iuto tho dial jbot, aad tee outer l» fiUed wJte mteWt te 

eoBthraaUy renowed, Tho water oanHIoa o£F teo sodltm oblortde aaad hydrwliJwio 
SBdthe bcrdroMl rusiaina ho tee dhal^eor. 


^quid an alkaline reaction, so slightly energetic are the acid properties 
of silicic acid. The solution of silica obtained by thi's-tnethod* becomes 
gelatinous on standing, on being heated, or on evaporation under the 
receiver of an air-pump, «.tc. The hydrosol is transformed into the 
hydrogel, the soluble hydrate into the gelatinous. 

Thus in addition to the gelatinous form of the silicic acid, there 
exists also a variety of this substance, soluble in water, as is the case 
with alumina. Such variation in properties and exactly the same rela- 
tions with regard to water characterise an imfqense sei’ies of other 
substances having a great significance in nature. The number of such 
substances is especially great among, organic Compounds, and par- 
ticularly in those classed of them which oompose the principal material 
of the bodies of animals and plants. It is sufficient to mention, for 
instance, the gelatin which is familiar to all as carpenter’s and other 
glues, and in the form of size and jelly. 'The same substance is also 
known in the solution which is usfed to join objects together. In a 
peculiar insoluble condition it enters into the composition of bides and 
bones. These various forms of gelatin differ in the same way as the 
different varieties of silica. The property of forming a jelly is exactly 
the same as in silica, and the adhesiveness of the solutions of both sub- 
stanc-es is identical ; soluble silica' adheres like -a solution of gelatin. 
The same properties are again shown by starch, rosin, and albumin, 
•and by a series of similar substances. The diaphragms used in dia- 
lysis are also insoluble, gelatinous, forms of colloids. The bodies of 
animals and plants consist largely of similar matter, insoluble.in water, 
correspouding with the gelatinous or insoluble silicon hydrate, or with 
glue. The albumin which coagulates when eggs are boiled is a typical 
form- of the gelatinous condition of such substances in the body- 
-I'hese slight indications are sufficient in order to show how great fa 
the significance of those transformations which are so well marked 
in silica. The facts discovered by GrcJiam in 1861-1864 comprise the 
most essential acquisitions in the general association of these pheno- 
mena of nature in the history of organic forms. The facility of transit 
from hydrogel to hydrosol is the first condition of the possibility of 
the development of organisms. The blood contains hydrosols, and the 
hydrogels of the S 9 .me substances are contained in the muscles and tia- 
aues, and especially on the surface, of the body. All tissues are formed 
from the blood, and in that case the hydrosols are converted into hydro- 
gels.^® The absence of .cjwstallisation, the property, apparently under 


of oxidos ou the bouQ.dary line on the side of the nculs in juat iuoh a 
place as alutolna ooouples on the side of the bM(®~~tliftt is, almiuniuiici 
hydroxide is the representative of the feeblest bases and iilicio aoid 
is the least energetio of acids (at least In the preaenoo of watfr— that 
is, in aqueous solutions) ; in alumina, however, the l«wio properties 
are distinctly expressed, while in silica the acid proiwrfcitw prepondomto. 
Like all fooblo acid oxidos it is capable of forming, with other ooids, 
salino compounds whioh are but slightly stable and are very c»«ly 
decomposed in the presence of water. The clue! peouliarity of the siUcatiM 
consists in the number of their types. The salt* formed with nitrio or 
sulphuric acid exist in one, two, and three tolerably stabl® form#, but 
for acids Uke siiiclo odd the number of forms ii wy great, aloiMt 
urdimitfld. The natural silicate in partlculfljf furaiA proof of thk 
fact j they contain various bases in oomblaaMQn with and ter 

one and the same base there often exist various degrees of oombinatloa. 
As feeble bases are capable of forming hosio salts in addition to normal 
salts— that is, a compound of a normal salt with a foohlo base (either 
tho hydroxide or tho oxide)— so the feoblo acid oxiiU*.** (although 
not all) form, in addition to normal salts, highly acid SJilts— that is, 
normal salts plwi acid (hydrate or anhydride). Such adds are boric, 
phosphoric, molybdio, ohromio, and especially dlido, add, 

Xn order to explain these relations it is neoitsaty first to rtcollMt 
the existenoe of the various hydrates of dllca, or sUldo adds,®® and thon 

ttio Bol«t{on8 from Um loavea n.ntl «Uim« penoiroto Into tlu> iin<l otJjor psurl« in Pi« 
formofhyJroBolB, wlioroUuty ftrt)Conv<>rto<liiit<iliyilnif{i'Ju~ Umt in, info nn in>i..tnl.!.i f.*nn, 
wUioli i# noted onwllh difllouUy and in iMwily kojifc uimltoml until llm jmri.nl «•( nmwtb 
—for axwnplo, ubW tlia following nprinjc— wlion tlioy ttm r**.iHmvofU>il uiIm Uydnwol*, Mid 
tlio insolublo aubBtanog ro-ontorti into U»« Bttin a-nd stwoB m a of tlm hytlrt^dl* la 
tto loaveB and otbgr portloiw of plants. 

hM t^j^aafds tlwJ* ghemlod eotopo^tion Um colldda are v«fy fciA la, ih*f 

bare ab%hmdi<dAC'w«l#ta»d whup molctidsr dwhfeb 

, do act pusateMie itentipa tMubnaas, aad ms ea^y ra^tel to wMoa fa 
aad' ohsmtod (cwi^ to toaiv eempte utraelan nd fdfnwte f| fmi>a 

bnt Uttld obmied energy, emd m generally feeble adds, If to fta m, 

ojddee or bydratoW, snob aa the bydrawe of nsolybdle and Inaptlo (Chaplwr XXI,},' 
But now the number of eabetaneee capable, like ooUoldii,of paiing IntoaqaPctuB wdnUoo* 
S«a of easily eeparatlng ontfrom them, m well a« of appearing In an InetdnblB form, m»«l 
be enpplemented by rarione other eubetanoea, among whieb Boinblo gold ud silvw 
(Ohaptor XXTP',) are of partlonk* latoreet. So that now it may be s#.ld tort to® 
of {orming ooUoid solutions is not limited to a dctdnltonlaM of oompmdi. bnl to, tf Ml 
b general, at all events, an exceedingly widely dletributod phenommen, 

® This is in eoeoidanoo with to© genemUy-aeoeptod Mpreeenlattaa of toe rwkttetts 
belwsM ealte and the hydrates of adds, but It is of little hdp in the ttndy of dllMMi 
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to turn our attention to tho airailarity between silioon' compounds and’ 
metallic alloys. Silica is an oxido having tho appearance of, and in 
many respects tho same properties as, those oxides which combine with 
it, and if two metals are capable of forming homogeneous alloys iis 
which there exist definite or indtdinito compounds, it is permissible to 
assume a similar power of forming alloys in the caso of analogous oxides 
Such alloys iiro found in indefiniU), amorphous niassos in the form o! 
glass, lava, slags, and a number of similar siliceous compounds which 
do not contain any dofinito types of combination, but novertholoss are 
hoiuogoneoua throughout their moss By slow cooling, or under other 
ciroumstanoes, definite crystalline compounds may — and sometimes do 
■—separate from this homogeneous mass, as also sometimes definite 
crystalline alloys separate fi^tn metallic alloys 

The formation of crystalline rocks in nature is partly of auoh a 
natun^. By aqiKious or igiuions agency, but in any case in a liquid 
coiuUtioii, those o.kkIch which form the earth’s crust and her crystalline 
minerals came into mutual contact. First of all thoy fonnod a shapo- 
lesM masti, of •which lava, glass, slags and solutions are examples, but 
little by little, or olsu suddenly, some definite compounds of certain 
oxides existing in this alloy or in the shapeless moss were formed. This 

oamptiunrtB Gouorally U iKKxmiwt nonoBHary to explain tl»o property of 

to eomhlno with (UO)'m, whereat may bo i^rotvtor tluui nt, tiiiA where II may bo 
Ib.Ca. &o. Horn wo are uiiUid by facta whieh Imvo Win attained by tho invoatiKiv* 
Lhiu Ilf carbiiii oduiiuvuhIh, oinuii'iivlly with reiiimet tuglyenl. fHycnil iBaoemixiund having 
tluu'iun]HiMii,uiu CaltflUj, only ililloriiig friuii alcoliol, by an oxlraaltnn of oxygen. 

Thin hydmb' eontaijm two hydroxyl gronjm, whinh may bo MiioeeBnivoly roplaewl by 
chlorine, ^( 1 . Ilojuin the eouuKtaition »if glycol nhould Iki reproBt'otiMl ini CelL(OH)j. 
It hoM liMii found that glyuol forum no.oalled iHilyglynolu. Tluiir origin will Iki under> 
«UKKl-froui tha fact that glyool an a hydrate hM a oorratponding tmltydrido of the 
^unpWtion 0 «H 40 , known m ethylene oxido. This BuhatasM ie ethiUM, CjII^ (n whioh 
two hydhogens are replooed .by one atom of oxygen. Ethylcme oxld® fa not tho only 
onhydrido of glyooh although it U the »tmplo»t on®, bMOuee OftlhiO «• C«Ht{OHh H^O. 
VoriottB oUuir onhydridoa of giyeol are poBaiWo, and have aotually been obtained, of the 
«mn|K»«iUo« nU,IL{On)a - (n — l)HaO (CglblBOa « dOHb. Tiros® fmporfeci anhy. 
dridoM of glynol, or pvlyfftyaoU, oliU contain hytlroxyla like glyool Itoelf, andi therefore 
ore of iu> alfidiiilic character in the ftauio «rnw< uH glyool ilwsH. Thoy ore obtainwl by 
variiiini metbiHiN, unit, ainongnt othere, by Uui din ct roinbination of othylcnn oxide with 
glycol, InHaiiBo l‘.jIL(OlI)j I {n ■ llt'ali*'! ” (faUilMOn ™ j(ClH)®. Tluuiiiml impiirlant 
«ir«mitmian(Hi, from a IhooroUeid iKiint of view, iu Uiat Ihcwi jrulyglycolti may bo distilled 
witlentt undergoing ibicornixwitlon, and Uiat the general (onnula given alHive axprusM 
ibeir wituol moUautlar (Mimpiwitinn. Ileneo wo have here adirecl cjenddnalifin of thoonhy. 
drld* wWi Uta liyilrato, and, iwirenver, a wijH'aUHl one. The fonnttla A«H!(0 may be «#ed 
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tion between silica and bases, than between base* and such anhydride* 
as, for insbarroe, sulphuric or nitric, or even carbonic, as is soon on 
comparing the physical and chemical proportios of silica, and varioua 
kinds of ojridos. Alumina, espooially, ia oxcBcdingly near akia to- 

For ns tUn latlnr linvo noli «. ntilino otmmotor, only Kcwnnwe lli«y an* not regwoled ■ 
from this point of vi(sw, but an alloy, of Kmlium an*! kIik' is, in a brawl ftonw', a. wU in marry < 
;o( its reactions, for it la (ubjoct to the »atn« UoubJo (lootnnpoailiona aa phnaptiidir’ 

'or Bulphitlo, whioh'okariy have aalino properlleo. Tire latter (imlium phixjj'lmli*), when 
Iheated with ethyl iodldo, forme ethyl phosphide, and the fenuftr— I.e. the alloy of rimi 
!ahd'Bodinm~give9 /tine ethyl; that la. Ore element (P, 8, Zn) Which wm united wnh the 
'eodimn pMsea into eomblnetioa with the ethyl : BNe + Eli ® BEl + Nal. By corn- 
Jbiaing podlmn • euooosBlvely with ehlorine, eulphur, phoajdwm*, syremle, antimony, tin, 
tad Blae, we ohWa aabstenoea having lesa and leee the ordinary apmnw* of mil*, b«l 
if theoBoyot sodium and i^o oeunot be tamed a salt, them perhaps tlitk a«m« wwoltwr 
given "to sodium sulphicle, and the oompoundn of sodium with phoephoma. The tellowiitf 
Ciroumalanoe may also be observed : with eldorino, sodium gives only one eompound (with 
■oxygen, nt'llio most throe), with sulfihur five, with phosphorus prnliaMy atill more, with 
antimony naturally still more, and the nioro analogous an elenunit is to mHtiuin, th« mow 
■varied aro the proportions in which it is able to ronibinn with it, tlm hms are the altora- 
jtions in the properties wliieh tojeo plane by this combination, and llm nearer dtH-« the 
compound formed approaoh to Uto closa of eomjHiunds known as indefiniU* chetidcdi 
compounds In this sense a sllloeous ahoy, containing slUoa and other aetde, is a 
' salt. The oxide to a oertain extent plap.the same part as tlie sodium, whilst the eilira 
plays Uie part of the odd element whi<^ was token up suooMaively hy sdue, phoai^orttM, 
sulphttrr ito., in the above examples. Booh a oompadson of the aUi^ wmpormdii with 
'alloys presents the, great advantage of Ineinding under one category the daduite and 
indefinite silica compounds which arc eo analogous in eomiamition— that l«, bring# 
unclqr one head such crystaUino eubstonces m certain minerals, and such amorphous 
Bubstanocs as arc frequently met wiUi in nature, and arc artificially pnu'ared. an glsM, 
slags, enamels, dro. 

If tho compounds of silica aro substances like Uui metallic alloys, th<'u(l) thw chomicol 
tanlon between the oxides of which they aro romiHtswl mimtlw a fiuddo one, m it ia i« oU 
eompoonds formed between analogous substances. In realty such foebk sgau^lM m 
water and oorbonle o^id are able, ^though slowly, to oel m and tiw#of Iho nujorilf 
et the oomplnt eilloa ecmpomsds in m wu saw in th« idbfiwi Cil 

'their .foi!matt(m,,-1Qce that ot aUoy% idtorM not be aMME^onWi by e, 
idlemiibndt veltanuj ondthlx i« setuaUy the e«Mi fw M«pr .Im I 

gmvi^ of about S*e, end therefore, taking tts oo»^ri{d(m to b« l^Q,4bQi,MCk|, we M 
Its viblurae, oorrespemding with this fomria, to be BgW.Srl-gii, the v(Amm of SfO «if|, 
of Al|OjitiS3, Mid of S10a<a39*0. Hence the sum d the velnme* of the 
'oxides, 86+96+0 X 9a‘6«>lp0, which is f&ry ne^Iy equal to Wbat of the f«l»|>ar ; tlwrl fg,. 
its formation ia attended by a slight sponsion, and net by eontmotlon, as 1« ilm emu 
Jthe majority of other oases when oombinaBoaB determlqed by iteong affinltiM fl«t 
aooompiished. In tho ease in question the some pheuemwon ia obtstv^ M bu sdiuttei 
tiqid alloya->-that is, as In oases of feeble adlnlUes. So also Uw epedfie of 

tU dheoldy dependent on the amount of those oxides wUoh enter into itsmapMitlm. If 
ilk the ^seeding example we take the ap, gr. of silica to be, not 9‘6S, but W, fy vtdumu, 
I Md the sum of the volumes wiU be *s Ei4— that Is, greater th^ that of orUmtM*^ 
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silica ; not Only in the hydrated state, but also in the anhydrous 
condition, there exists a certain similarity between the crystalline forms 
of alumina ami silica, in the micoinbiued state. Both are very hard» 
transparent, inactive, non-volatile, infiusiblo, and crystallise in the 
hoxagoual gyetom— in a word, they aro remarkably similar, and for this 
reason they uro capable, like two kindred metals, of ontoring into many 
dilFerenb dpgroos of combination. Isomorphous ujixlures — that is, diOcr- 
ingby tho ■substitution of oxides akin both in their physical and elumucal 
chanwtors— aro very frequently met with among minerals, and the 
study of the latter gave the principal impetus to the study of iso- 
morphism. Th\^, in a whole series of ‘minerals, lime and magnesia are 
found in variable and interchangeable proportions. Exactly the same 
may bo said of potassium and sodium, of alumina and ferrio oxide, 
of manganous, fcrrinia, magnesium oxides, «.tc. Such isomorphism 
does not, however, extend without change of form and proportiea 
bi'yond eertain rather mirrow limits.^® What I mean by this is that 

It. in, liiiwi'vt'r, ciiny 1(1 and ('Xpcirioncfa cotifims tho anpposition, tlmt in a 

ci'iiii’lcx Hiliri'iiutu'tmniiimid (^enl.aitiing for iinil.tmr.e fWKlium anil calcuiin, tho wholoof the 
Kndiuin nmy hi' ri'plnpml hy petmuiinm, anil ni ihe mme Um& the whole of Ihii oaloimn 
by nmffneeinm, heoanne then the iiubntitution of potMdnm for tho eodium will prorluoe » 
ohange in tho nature of Ihn Bttb 0 tanco oontrety to that which will occur from th® oaJeiunx 
being reiilaesed by magneiinm. Tliat inoreaaa in weight, docrcaac indonuily, increase of 
chemical energy, which necfimpanies tho esclmngO'Of Hodium for potoasiuia will, bo to 
ei'tHi.k, bo compcimated by the csclmiigo of calcium for magncBiujn, boeauBO both in 
Weight and in iiinpc'riion tlio imm of Na-t On is very near to tho Hum of K4-MfC. 
J'ycfj'cnf' nr (0(;/ifc can bn taken uti an osamiib'; ilw cimumnitinn may Im cxproiiMcd by 
the fornnda {'aMh:Si,0|, ; that in, it cnrroapnndH with Uio acid it is a InMilicatc. 

In many r«'ii[n>ctn it ckmidy rciiomlilcs anoUior mincnil called 'jrpodjtmene ' (they aro 
both nnmccliiiic). ,^TUia latter ImM tliC (ximiMwilion IdaAl«Hi,aO.,j. On reducing iKitbi' 
formnlw to an oijual omiknitM of »ilio«. tho following distinction, will be obwrveil between.' 
them: .spwlumen© ; augite (CaO)u(MgO)is80S!Of Tliat k, U»' 

dlffiertnee btfeweea them conaiBla in the »am of the magnesia and lime (MfO)ij + (CttO)i». 
replacing the aum of tho litliium «ncid« smd alumina (Lic 0 b*f-(illaO 3 }i; and in tha 
chemical relation those bubm are new to on® aaothw, beeauea mofniaiam and eolcinm, 
both in forms of o®dafcion and in energy {a« buM#), in all re8{>«it« oeenpy & poaition, 
iHtermt*diftto Irntwcon lithium and tijttmituum, anti tbwofore Uie sum of the flrat my b« 
repbicnd liy tho mnii of Uio snootid. 

If wo tiiko tlio comiMiBition of nimdumono, an it i» ufuni rex>roiumti‘d to b#, 
Li,( >,A1 ji >i,4.'iii ».j, Iho ciirr('BiH>niliiig fonnulii of ani'ito will lio t(Jat>).,,(Mgt >)n,4Sit>a, 
atid nba. llionmomitff oxyKoiuiiUtosuinof t.i|nAl.,(r< will lii>ltionttmt)(i»in(t’ii,0),(MgO)^. 
I may remark, for tho aabnof cloturnoMii, that lilhiniii belongs to tho tlriit, aluniiniuiu to tji® 
third group, and enleniiH ntid nmgiiosium to lhi‘ intcnin'iliato tioiMml group ; litliium, lik® 
eoJeinm, btilongn to tho ovon »>ori<'», and magiinMiiun and aluminium to tho uneven. 

The repiwonlation of the »iulmiitutniii»i of anak^tus eouijK'undi here introduced wad' 


land litliium, which raay be m part, but not complctt-ly, rcpliiooti by 
sodium On the total substitution of ono tnoUl ftir tuiothcr. often 
(although not invariably) the entire nature of the sulmtunco is chtuigod ; 
for instance, /^nelaiile (or bronzito) is a magnosium bisnlicnte with a 
small isomorphoua substitution of calcium for magnesium , its com- 
position IS expressed by tho formula MgSiOg, it iKdongs to th« rhombio 
systora. On tho ontiro substitution of calcium, CaSiOj, 

of tho raonoalinic system, is obtained ; when mangfuuMio is lubititutwl, 
rhodomie, of tho trioliriio system, is productKl ; but in all of thorn the 
angles of the prism are 86“ to 88" 

the BUTO of 8 Ala 0 j, 9 Nft 40 ,Hj 0 , whilut in tho Iftttor thl« »Bm of ositlo# i« t>y 

ISMgO, In whioh there l» an mueh oxygon tv« in th« Rum of tho mon dewly-doflnMl Umm 
flN&aO and leas b{i,ilo SAljOjHjO— that Is, th® relation in jort the *««« h«rs *« l>«lw«»n 
augitQ and Biiodumone. 

With reepeot to Uie ailloa ooraponndts of the vuriona oxidnii, it muit ba ohwmd 
that only the alkali tallt are kuown in a eoluble form ; oU the othem only mint in m 
( nsolublo form, ao that a solution of tho alkali onmiKUinthi of silica, or solnhlB glwa, jfiw 
ft procipitato with a solution of tho iialtaof tho majority of other uiotnls, ami this pro- 
cipitato will contain tho silica ooinpouiuls of tho other htiBos, Tho toiuiniiiirt nnoninl of 
tlie gulatiiinuB hydratu of silica, which ilistiolvo:! in caustio {H>taiih, currouiMitKlu with tho 
formation of a oompmmd, 9K<iO,l)8iOj. Tful thiBcompmuitl is [mrlially il«voinjs>»««l, with 
tho prooipltation of hydrate of silica, on cooling Ihii solution. Holutions (‘ontaining a 
eraaUer amount of silloa may be kept (nr an indefinite Uioe witlumt demmimlug , and 
eUioa does not eeparate out from the solution 5 but such eomtemnds erystallise from the 
eolutionn with dlCfkulty However, a crystallino bIsUioate (with welwl has been obtained 
for sodium having the oorapoai Won NagO, 8 iOe~-f.e. correspmiding to sodium earbi»nale, 
The whole of the oarbonie acid is evolved, and a elmilar soluhlo sotUum meUsilieat* k 
obtained on (using fl'S parts of sodium carhonaln with a parts of silica, if lesa silica be 
taken a portion of tho smlium ttarbonatii remains uinli'comjtontsl ; howover, a Knlmtiinno 
may them ho olitajiu'd of the coni|i>iMititm .SifONa),. riirfoHi«iiiiIiiig with nrlhuBihcic arid 
It oontairiB tho maximum amount of sisliuin oxide caiabh' of ci.nihiiong with ailim midur 
fusion. It la a sodium ortlioiiilicaU*, (Ni(,tl).„HiO., 

Calcium oorhonate, and tho rarbonnttm of tho alltalino earths in g«*n«>r»U, al»<» ewlvn 
oil their oarbonio aoid whenlieaiod with silica, and In somo instances e)V«i form sotn«»hat 
fusiblo oompouuda. lilme forms a fusible slag at ealaiftm ettfeaf#, of iH« 

CaO,8iOs wsd 9Ca0,8S10t, With a Isrger f^portion of tt# art Wu^W* Ib a 
ftimane. The mopesium Haft ore Imb Mbk than thtm with lima, «»l om otai 
formed in smeling metals. Many eompotmd* of the meWii of fci attefr i fn* mtAs wftt 
silloa are oJio met with in natere. For instonee, among the taapundBiw »mpeB»d« t her e 
ia olivim, (Mg0)a,8i0g, «p. p. 8’4, which oomira in metseritoa, wad aomtlimw forma a 
precious stone (parldote), and oeours in dogs and boaUta. It is diwmpt»«l by acids, i# 
Infusible before the blow.pipe, and erystollittoB in the rhowble systwa. BtffymfUm hw 
the composition nMgO,SaiO«,9H^O | it someUmn* forms whole mountain*, and is dte. 
tinguishod for its groat eoheslveneea, and 1# therefore u«ml in ttw art«. It k g«» nm !h 
tinted green ; its spooiflo gravity is 8'8 ; it is exceedingly infusihlo, even b*fw« Ih* yew. 
p^e. It is ftoUd on by acids Among lh« rasgnesium oomptjundi of riltak, iale is vnry 
widely need. It is frequently mob with in rocks which are widely distributed in natuw* 
oompoflt muaea; it eon be used for writing liko a slate t»ne!i or oWlk 
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The nio.st roiimrkablo complex silicoous conipounds aro tho fehpara;^ 
which enter into nearly all tho primary rocks like porphyry, granite,’ 
gnt'isR, ike These felspars always contain, in addition to silica and 
alumina, oxides presenting moro marked basic proportios, such as potash, 
soda, and lime. Thus tho orthodam (adularia), or ordinary felspar 
;,{inonoclinio) of tho granites, contains K.jO.AlaOs.GSiOa ; albite contains 
■tho same suhstancoa, only with Na./J instead of K^O (it already apper- 
tains to tho triclinic system) , aiwrihita contains lime, and its comjsmi 
tion. is CaOiAljjOjjSSiOa On expressing tho two last as containing 
equal quantities of oxygein, wo have • — 

Albite Naj Alj Sig Ok, 

Anorthito Oaj Al^ Si 4 0,n 

It is then evident that on tho conversion of alhito into anorthito, NagSi.^ 
is replaced by Ca-j Al.g, and this sum, both in e.hoinieal energy and in tho 
form of nxidi', may bn conKidnnsl as enrn'sponding with the iirat, because 
godiuiii and ailiciin iirr <>xln'iun elmunnts in ebemioal character (from 
’groups 1. and IVb), and cHlcium and aluininium aro nuians between 
them (from groups Jl. and 111.), and actually both bluiso felspar mine- 
rals are not only of one (triclinio) system, bub form (Tchormak, 
8chu8ter) fdl poasiblo kinds of definite compounds (isoraorphoua 
mixturofl) between themselveH, as imlicatiid liy their comjiosition and 
all their properties. Thus oligoedase, aiult'sino, labradorito, Ac. (plagio- 
<dn;,eH), are nothing more than mutual combinations of albit.e and 
niiortliit.e. 1 jalirudoritn coiifiialH of albite, in eoinbinatiou with 1 to 2 mole* 
<'uleH of anorthite. 'J'he class of correKponds to tb(i felspars ; they 

‘are hydrabul comjioundH of a Himilar composition t(» the felspars Thus 
nuUrolit^ aontains NajU, Al3O3,3ai(.)3,2Hg0, and amdeioxe presents the 
aame oompoaition, but contains 48i09 instead of fiSiOg. In genera), 

ami lif'iiiK gK'ttsy to th«i tiarnh, ifl ttluo hnnwn m atmtite, U oryaliUli»B in th« rhombio 
j pyiitemi, rout rcnninblwi inii'a in mnny reBiwetM; liko it, It i» rtivimblo inUi laminB), Krc'R**y 
to tbii tiMii'li, iniil linviia- II up. 'i’7. Thwnt litininm aro ncry tioft, luHtrnnB, anil 
.tnuiiipiai'iit, lUi'l Ill'll infti iiblii lunl iuMiiIuliIn in iiintln. Tim enniimtiitinn nf tati- ainiriiatiUiis 
ni'iirly t" inii;< ' ,,'.‘11 jU 

Aiiii'iii; 111" i ry -I ilbiiii mlii'iiti'H l.lii* fiiUiiv%'iii,^ timiiTiibi iim knnwn •IVii/bonfiiai^rt 
(tiibuliir M,Mab l•rvlltalblll'li in Ibn muniM-linii- Hyiilinn ; hji. ^r. ‘i n; it its luimi irintHjmri'nt, 
difltrnltly fiimbl", ill I'l. Ill, (.mini by nfnln, unil hii« llni CMmiiimitiiin of n iiii'liiwibfalu, 
CftOHiOj Hilt iniiiuiiriibnurt miittnri'it uf nilriuin iinil nmsni'Mium Hilit'atim tioi’.ur with 
partbukr frniiiU’itry in nalurn. Tbn tiuijttrg {«ji. ,;r, U S), ilmllii^nM, liypt'irsUmiuta, horn- 


*1 The majority of the ailloeoa# mlnorali have now heon obtaliuHl artificially Uiuler 
varfouB conditionH. ThuB N. N.’-Sokolofl ahowwl that «kgrt vc-ry fn iiiiciitly contain 
poridote. Hautotoullle, Chrou«tohofT, Pruidel, and Bamsln olitaitU’d fchspar iiicntleal in 
till rofipeot# with the natural mineralB, The dotalla «f tU® mnthoda h«ri> otutdoyed mnat 
b® looked dor la apecial works omaiaemlagy •, but, m on exwnplo, w« wdl describe lh« 
method of the preparation of folsimr employwl by Frlotbtl and Barwiiii (U'hsj. p'roiu 
the foot that ftdtipar give® up potaBsinin ailicato to water «ven at tbo ordijtary tnm* 
poraturo (Dobray'H esporitnents), they concluded Umt thw fe!«i»ar in p'ludUii lia*! ur 
aquoouH origin (and tliisi may bo auppostHl to bo the Oftw* from geological data,) ; th«H, Ift, 
tho flcMt plaoo, i In formation could not bo nccomplmhoil miUms in tho preuPSK'n of »ft 
©xooBfl of a mtlulion of potaBwinm aUioato. In ordnr U> render tWn argunumt clear I 
may mention, aa an examplo, tliat oarnallito la dooomptjaed by water ittio oasdy aolublo 
mapieaium ohlorido and imtaiaium eWorido, and thorofore if it Is of «MiU«a)Ui origin it. 
oordd not be formed otherwiao than from a atdaUon eontalalng an txMM of maginitium 
ohlodda, and, in the gaomad plao#, from a stroagly'lmted solatlou; afaio, 
and its teUoW'OompommtH hii granltea are anhydrotia^ Oft thwe fMlt wen baMd 
axpedmenta of 'haatlsif hydrates of etlloa with tJumbm and a of Mtawiam 

ilUloate In a oloaed veesd. The mixture was plaoed to a aasM ^tlanm iWt 'v^bleih 
was encilosed in a steel tube and heated to doll rednoM* Whm tha snJ^lm 
tdned: oft excess of silloa the residue contained many orystalB of rook oryaWi aiu| 
tridymlte, tegethor wiUr a iKjwdcr of tolspnjr, which formed the majn y>njdtt«t «< tNi 
reaotlon wlion the proportion of hydrate of silica was deweased, and a udxluro of 4 
solution of putatisium silicate with alumina procipttAled logclher a ith Um silica by ntisiM 
Holublo glass with aluminium cldorido wan employed. Tho compimitlon, p«uperll«s, ana 
forms of Uio resultant felspar proved it to be Identloal with that found in nature. 
ex{)erimente appreoeli very nearly to the natural oonditlons, ail the more as foliar and 
quarts are obtained together la one mixture, as Urey 80 > often ooeur In natum, 

The appUoation of ommts is based oa this priaelpla ( they are those eorti el 
' hydrauUo ’ lime whioh generally form a stony mas% whieh hardana even ante water, 
when mixed with sand and water. 

The Uydraulio properties of eements are doe to their containing caleweous and sHi^ 
aluminous compounds which are able to oonibluc with water and fomii hydrate*, whi^ 
are thou unocUid on by water. This Is Iwiiit provinl, In the first place, by Uw fool thal 
certain slugu containing Uiuo and silica, and wbteimwl by fuaioii (fur osimipK). bt bliwl- 
furuaooa), solidify like oemonta when fiuoly ground and mixed with water; anti, la tJw 
second place, by t}jo motliwl now omidoycd for Uip manufacture of wllflciAl eenwtit* 
(fonawly only peculiar and comparatively rare natural prcMluals we« For thli 

pur 3 ^se a mixture of lime and clay Is takmr, eoutsluUig about M p.©. of Uw luttw ) this 
mixture i« than heated, not to fusion, but until both the oarbmdo ^nhydrM# wd wtlw 
oontetoedtotheelayawstiqpaUed, TW* mass when lbtelyi»»dfMm»Pi«to4^a«id, 
hardMu «ad« water, wmm of hardeftlag k b*^ « ft* rt 

«3tenw4eoa0®oaftdahetemth«Ua»«,8Uiea, Thm» paWteftestart 

also found combing tegatlwr-la varioaa natural ml»urato-4w waij^e, In ft® 
as we saw above, In all oaies owoent which hm B«t wfttala* a oonsidombk amtwol 
water, and Ita hatdwiag 1$ naturally due to hydrattem— ftal Is, to the forwiaUCT 
oomponndu with water, Well-pr^ared and very fiady.frtmnd wmeut UardBi* 
oompomtivoly quickly (in severtd ^ye, espoclally aftw being ramanstldowti), wilhS 
(and oven more) of coarse sand and with water, fdto a ttony Jjaais whfal* {§ m tart 
durable ob many stones, and more m than bricks and Mmtttom H«»ci oel rfl 
maritime constructious (docks, port#, bridg os, &e,), but tlm ordtawfy buUfflap, $m »«i« 
(d Portland cement, and are distinguished for ftebf peat durabUlty. A eomblnaMon of 

itldlXSiKUrk fillllA. oilvlApfi^ ilTlA tfvm bv84«el! 
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they undergo change in it, it id but very slow, and more -often only in 
the prcsenco of carbonic acid. Some of the silicates which are insoluble 
in water are easily and directly decomposed by acids ; for instanoo, the 
zeolites and those fused silicates which contain a largo quantity of 
energetic basos—such as lime. Many of tho silicates, like glass,*® are 

ducts, arelieB, Mservoira, Ac. Arehos and walla matlo oi auch conionta may bo much 
lea# thick than thoia built up of onllnary Atone. Ilonoe’ tho pmduation and uao of 
oemont rapidly Inertiatos from year to year. Tho oriffin of acourato data roBpoctlng 
ceraonla I» chiafly due to Vfoat, In Ruasia ProfoaRor Sohuliaohenko has greatly aided 
the oxtonBion of noourate data eonoaming Portland cement, Many works Iqt tho manu- 
(aeture of cement have already been ealabliahod in various parts of Russia, and this 
industry promises a great future in the arts of ooustraotlon. 

*** Ola$$ presents a similar complex composition, like that of many minerals. Tho 
ordinary sorts of while glass contain about 75 p.Q. of silica, 18 p.o. of sodium oxide, and 
12 p.o of lira® ; but the Inferior sorts of glass somotimos contain up to 10 p.o, of alumina. 
Tlw mixturca which are used for the manufaclnro of glass aro also most varied. For 
example, atmul 800 parts <if pure sand, about 100 parts Jif podium carbonate, and CO of 
liinoiiloiu) aro laki'U, mid wniiotiinos doublo Ibo proportion of tho laimr. Ordinary SinUi’ 
gill.*, .'I foutaiiiBi liodiinn oxido, liiiio, and i.ilira aa tho t hiof componi'jit i>arUt. It in genor. 
ally piopan d fi ion li'idimn milphiiti' mixod with chais'onl, siliim, and liiiio ((.thaptor XIL), 
in whirli caco Iho following loai'tion takim place at a higli ti'inpcratuvo* Na,flO., t-C + HiOj 
«MNa,Su)j + H»ij t ft), Houiutinu'S imtashium rarhoiuite is taken for tho prcparalinn of 
the better (jualitl.is of glabs. In this case n. glass, pofa«li.j/inr», is obtained containing 
potassium oxide Insleiul of sodium oxide, Tho Imnt'known of those glassoa is the so* 
called Bohemian glass or crystal, which Is prepared by the fusion of DO pnrls^of potassium 
carbonate, 18 parts of lime, and 100 parts of quart*. Tho preceding kinds of glasscontain 
linw, wliilst crystal glass contain# lead oxide iiiiitead. Flint glaaH—thatia, tho load glass 
used for optical inalrunionlK^iM preparod in thin niannor, naturally frenn tho jniroat 
poBnibln jiialorialB, Criiatitl-iflmn—i.r, glasH containing load oxide — in (lofter than 
ordiimry glfts'i, inori' fn-nblo aiol lias a highor indox I'f refraolion. Ilmvover, although 
the matoviab) Do' the i>n paiation of glai.‘i bo nioul rarnfnlly fiorlod, a eortain umount 
of iron i Kidi's fiilli int«i lliii glass and rondern It greonitth. This coliiralion nmy 
be destr-^ynd l.y adibiig a numbnr of subolances to Ibn vilreoua uunw, which aro ablo 
to convert Ihu ferrous oxido Into ferric oxhlo ; for oxamplo, jiianganoso imroxido 
(becauf® th« paroside it deoxidised to manganoua oxide, which only given a palo violet 
tint to the glass) and urMnious anhydride, which la deoxidised to orscnlo, and this i« 
volatilised, The manufaelure of gifts* l« carried on in furoftcca giving » very high tera- 
peralur# (often in regonorative furnaces, Chapter IX,) Ijarga elny cruolbloa aro placed 
in tliMio funmt'im, ami lh« mixluro deatinetl for the preparation of tho glass, having Imen 
flfiit roanted, is i h.irged Into tho rnicibli'a. Tint li’mjHiraturo of Iho fnrnaco is then gradu- 
ally nuMetl. Tim pi<‘i •‘-.n (uketi plat o in thron rmpiirato ntiigosi. At ftrst tho ma«a inter, 
tnisi 'i tiiid bi'j'oi'i to ri-ai't ; then it finu’s, ovolvt'n«:.uhoniii ueid i'ab, and fornni a tnnUttn 
lioi i i; iiiel, br.tlv, lit the lii,;lie'.l ti (iHHiralino, it Itreoniei; biiniog. nefiU'i and quito liipiid, 
wliuli i > III I I t, -..li y |mi the ulliiiuiti' ehuiiniition tif the e.irhnnie uiihydvido and i.olld im- 
punliea, wliii h billi I i .'Uei I ul tint hoUem of thocrueildti. Tho teinperalnro is then wmno* 
what laweicd, and the t^hia*. i» taken out on Iwheti and hhorn into ohjwd-iiif variouti liliRpoa, 
If) th« Bw-tnifaclure of wimlnw glasia it »a hluwn into large cyliiiderti, whii h are then cut at 
tliii Midi and afrowi, tind afterwarda bent bw k in a furrmett into the cifdimirv rficuts. After 


hardly changed by acids, particularly if they contain much silica, 
whilst fusion with alkalis leads to the formation of compounds rich in 
bases, after whieh acids decompose the alloys formed.®^ 

According to the periodic law, the nearest analogues of silicon ought 
to be elements of the uneven senes, because silicon, like sodium, mag- 
nesium, and aluminium, belongs to the uneven series.^® Immediately 
after silicon follows ekasiUcon or germiamum, Ge = 72, whose properties 
were predicted (1871) before Winkler (1886) in Freiberg, Saxony 
(Chapter XV. § 5), discovered this element in a peculiar silver ore called 
argyrodite, AggGeSg.^® Easily reduced from the oxide by heating with 

polished. Coloured glasses are either made by directly introducing into the gloae itself 
vanons oxides, which give their characteristic tints, or else a thin layer of a coloured, 
glass is laid on the surface of ordinary glass. Green glasses ore formed by the oxides 
of chromium and copper, blue by cobalt oxide, violet by mangauese oxide, and red glass 
by cuprous oxide and by the so-called purple of Cassius; — i.e. a compound of gold and 
tin — which will be described later. A yellow coloration is obtained by means of the 
oxides of iron, silver, or antimony, and also by meojos of caibon, especially for the browti 
tints tor eertain kinds of bottle-glass. 

From what has been said- about glass it will be understood that it is knpossiblo to 
give a definite formula for it, because it is a non-crystalline or amorphous alloy ol 
sflicates ; but such an alloy can only be formed within certain limits in the proportion^ 
between the component oxides. With a large proportion of silica the glass very easily 
becomes clouded when heated; with a considerable proportion of alkalis it is easily 
acted on by moisture, and becomes cloudy in time on exposure to the air ; with a large 
proportion of lime it becomes infusible and opaque, owing to the formation of crystalline 
compounds in ii; in a word, a certain proportion is practically attained among the com- 
ponent oxides in order that the ^ass formed may have suitable properties. N evertheleBS, 
tt may be wbU to remark that the oomposition of common glass approaches to the 
tcwmola NojGrCaOrtSiOj. 

The coefficient of cubical expansion of glass Is nearly equal to that of platinum and 
iron, being approximately 0-0000a7. The specific heat of glass is nearly O'lS, and the 
specific gravity of common soda glass is nearly 3'S, of Bohemian glass 2*4, and of bottle 
glass 2*7. Flint glass is much heavier than common glass, because it contains the 
heavier oxide of lead, its specifio gravity being 2*9 to 8'3. 

^ It must be recolleeted that although acids seem to act only feebly on the majority 
of silicates, nevertheless a finely-levigated powder of siliceous compounds is acted on by 
ehrong acids, especially with the aid of heat, the basic oxides being taken up and gels^ 
tinous silica left behind. In this respect sulphuric addbeated to 200° with finely-divided 
tilfseous oompoimds in a dosed tube note, very energetically. 

~ dements as silioon, tin, and Isad -were only brought, together und^ ona 

ee«aH^ g^np>,t^ meima ef thaperiodic law, although the q.uad^aleuoy q£ tin goad lead 
was known muoh-earMee. Generally silioon was placed among the non-metaU, and tin 
■<md lead-omcmg the-metate. ..... 

^ At first (February lOSfi) the want of mateaal to woik on, the absence of a 
spectrum in (he BunsenV flame, and the solubility of many of the compounds ol 
germanium, presented difficulties in the researches of Professor Winkler, who, on 
analysing argyrodite by the usual method, obtained a constant loss of 7 p. o., and was 


900®, Mid eaaily oxidisablo j tho apecino gravity s=a^'4G9, the atonuo' 
weights* 72’3, and the spocifio heat s: 0-07G,®° aa might bo expected' 
for this elomont aocording to tho poriodio law. Tho corrosponding 
gmmnnium dioxide^ O 0 O 3 , la a whito powder having a apoclflo gravity 
of 4*703 ; water, oapooially whan boiling, diaaolvos this dioxide) (I part 
of GeOj requires for solution 247 parts of water at 20®, 95 parts at 
100®). It forms soluble salts with alkalis and is but sparingly soluble 
in aoids.®' In a stream of chlorine the metal forms gmnanwm 
chloride, G 0 OI 4 , which boils at 80®, and has a speoiflo gravity of 
1*887 at 18® ; water decomposes it, forming tho oxide. All those pro- 
perties** of germanium, showing its analogy to silicon and tin, form a, 
most lioautiful demonstration of the truth of tho poriodio law 

The iiKToiiHe of atomic w'oight from silicon 28 to germanium 72 
is 44- t.luit is, about. tluN samo dilForcnco as there is in the atomio 
weights f>£ cbloritm and l)ronnuo ; between gonivinium and its next 
analogue, tin (9n sa 118), the difference is 46— that is, almost aa much 
os the amount by which tho atomic weight of iodine exceeds that of 
bromine. 

Metallic tin is rarely mot with in nature , it occurs in the veins of 
ancient formationH, almost exclusively in tho form of oxide, 8 nO„ called 


(nr tlornnipimt'it) liy waior .V(ti>r nxlilinwl by (voiil, cb'iod iiinl iKiiitt'd 

geniiiuiiitin miliiliiilit b'avt'M nxiilu (biOj, whioh iw rmlumxl tu llio naiUl wlitm Igullod 
III ft Blrtiwn «if ItyilrtiKnJi. 

w Cb Ktibl) dnUrmliiml Iho Bjwi'lrum of gemojiiuin, whon tho maltU wm tekun iw one 
of tho eloetmtloft of ft poworhU Ruhmkorff'a ooH. Tho wttv»-longUi8 of Uie m&*t diatinot 
linea am 609, SSII, 61S, SIS, 4S1, 474, mUUnttthft of ft mlUimotro. 

If prmftniaro or gomaatam BwlpWdo b« hoftled In 0 . atroum of hydrooHoHs Bold, 
it ftirros ft volfttilo llqald, boiling At 79«, which Winklor regordod m gomwalam dtlorldo, 
OeClg, <ir gomiftnlum ehlomfoKn, CloHCls. It U deoorajmHOd hy water, forming ft white 
#ubHtftn*’«, whioh Jimy jKirhajiH bo tho hydrB.lM of goniiftiiloua oxido, OoO, and twta na a 
|Kiwtir{\iUy r, 'during ngtmt in ft. hydnmhhirlo ftold mduUon, 

■'** tbid-r ri'ilrttii flriuimntftiii’i'a gi'rmftitiuin giviiM n bliui ridunvUtm llku llmt of ultra. 
iiM Wiiikli'r tihi.wod, wUlrh might Imvti Vu'tiu iiximnlud fnito tlm lumlugy nf gur* 
timimuii wilh adii'Hit. 

W Wuiktt'f rs{ir('o»ii! thit) in Ihn liiU«>wiug wiwdn (.lour, /. jiriiKt. Ohrimw, 1HH6[9), 
# 4 , » ns kftiiii kriiimri */.wrifi'l iiuthr unli'rliwgHn, dwia diw mmn Klomnnl 

nldhla amlenw, ala dft«* ror fUnfaidmi dohren vun AfrmfaWr/ iiTognoatU'lrUi BkahUiaum 

i$V 

' Punn oinon ftohlftgrodwfon Itowniw f(|r din IticUtlKkidt diw Lohro vwi d«r RwiodiolMt 
dpr KUminnte, tda dim, wnkhnn dm V«Mrklirj,K»r«ng dBW hi Aar hypoth«ll»h«» *'Ek»- 
oilu'iitin" in wrh whhnftat, kwin oa knuia gotwn, and «r bildot l« W#brb»ll mobr, ds 
dm bl«w»M» JloftteUptMg dn« kUh» aufgwUdlten Theorla, er bodentel olno wdnonto 
d»® eh«mi»h»» 0«ai.obWidd©a, olB8B,.mKAl%fa Sohritt ln'« Roleh dew 

BrlMunteltw.' 



from tho earthy matter tusoompanying it by washing ou iucliiH il ta!»U*g, 
as tho tin-stono has a speoifio gravity o! 0*9, whilst tho iiapurilitis arc 
much lighter. Tin oxdck w vmy emily redwed to inetidlic tin by boating 
■with obarooal. For this mion tin was known in andont and tho 
Phoonioians brought it from England. MetolUo tin is oast into ingot« of 
•considerable 'inreight or into thin sticks or rod®. Tin has a whitu colour, 
rather duller than that of silver. It fuses cMtly at imd oryatdilwti 
on cooling. Its specific gmvity m 7'Iiy. Tho oryitalUno Hfructure of 
■ordinary tin is noticed in bending tin rods, when a ptiouliar Bound la 
heard, produoed by the fracture of tho particle of tin aloi^ tho iur> 
faces of crystalline structure. 

When pure tin k cooled W a low tempwttur® it ipUte up into 
eeparate cryttak, the bond between the particlee k loe^ the tin Munm 
a grey colour, becomes less brlUknt—in a word, ik propwto be«»i 
changed, as EVitsache showed. This depends on the jwuHar sfcraefettrt 
which the tin then acquiree, and is ptvrtioularly remark able Iseeaus® 
it ia oflbotod by cold in a solid.®® If such tin fused, or even 
simply heated, it becomes like ordinary tin, but is again fhangtal when 
cooled. When in this condition tin has a specific gravity of 7 19. 
Similarly, tin k obtained by the action of the gtUvamb currenl 
a solution of tin chloride } it then appears ha crystals of tibo aulde 
listen), and has a spedfio gravity of 7‘18-»tbat is, the samo at when 
cooled.®® 

Tin is softer than silver and gold, apd k only surpowod by Imd ia 
this respect. In addition to this it k very ductile, but its fctmiwifcy k 
veiy slight, so that wire mndo fnun it will b<wr but little utmin. In 
oonsoquenoo of its ductility it k ojiaily worked, by forging ami rolling 
into very tibm sheets (tin foil;, which oro xiadl for wmpptag many' 
artides to preserve them from mokture, &o. In thk mm^ hokover, ‘ 
4pid in otiisam, lead k mixed with t^e tix^ which, wltibki Mrtein 
htnli% does not alkHr the ductility. Whlkt so ik th* 
temperattires tin become brittie at 200«, Wore fednf, powder 
may be easily obtained if (he metal be ftised B*d thwi itlrrdl wMkl 
cooling. At a white heat tin may be dktUlid, hut with more difficulty, 
than zdne. IS molten tin oomm into contact with oxygtn, it oxid»§^ 

^ oa £h»iIl&no.G[ (ISSO) ttetM (Iwl la the df tiw EoadM tO 0M «( M 
tia umiuMb to caadlfflB wore spoilfe throa^ bc«««iag qulto Wttl#, 

„ H iChc tin dflpoBited by an ckotrio cumsal toai a mMml idrtkaa d fcOU •«» 

lut^ ItAfwrmiAa aaaIWI wtrifLh /Vffvvi#vv> 


metals to prevent their oxidising. This is termod txnmng. Iron and 
copper ore frequeiirtily tinned. Iron and steel sheets, coated with tin, 
bear the name of tin plate (for the most part made in England), and are 
naod for numerous purposes. Tin plate is prepared by immersing iron 
sheets, previously thoroughly cleans^ by acid and mechanical moans, 
into molten tku®^ 

Tin with coppor forms brovm, an alloy whiah is most extensively 
used in the arte. Bronze has various colours and a variety of phy- 
deal propwties, according to the relative amount pf oojSper and tin 
which it contains. With an excess of copper the aUoy has, a yellow 
colour j tho admixture of tin imparts considerable hardness and 
elasticity to tho copper. An alloy containing 78 jiarta of copper and 
■about 22 per cent, of tin ia $0 okstio that it is -used for costing boUs, 
which naturally rociuiro a very olaatio and hard aboy.®® For costiog 

If aftor this tho coating of tin bo rapidly ooolod — for Inataaoo, by daBhiof 
i 0 ?atcr over it— it oryetoUisea |nto dlveree etar.sUaped figuroe, wldoh booomo visitde 
when tho ahoots arc drat Immersed in dilute oqha regia and then in a solntion of 
eanatio aodo. 

The coating of Iron by tb, gnorde it against tlie direct aooeeo Of olr, but it omly fare* 
eervea the iron from oxidation bo long as it forma a porfeoUy oontimaoua coating. If 
the iron ia loft boro in oortedn plaooa, it will bo xmworfttlly oxidiaod ot thoao spote, 
btKianMo tho tin ia oKtotro-n<'gativo with roaiwet to the iron, and thue the Cxidatioa 
iw oonfiiKid entirely to tho iron In tho i)ro«onco of Un. llonoo n coating of tin over 
iniTi objeelM only juirlifUly preiiervoa them from mating. In Uiie roniK«st a coaling of 
Bine in more egecluiU. Ilowover, a donao and bvariablo tdli>y ia ffinnod over tlxo 
Bttrfoco of con tool of tho Iron and tin, whloh binda tlie ooatlng of tb to tlie ramabbg 
mwa of the iron. Tb may lie funod with coat iron, and gives a greyiah-whito aJJoy, 
whieh is very ewUy eoet, and la need for canting many object^ for which iron by Ite^ 
would be rwirattablo owing to its ready enddiaabUity and poroei^. The ooatbf of <wppe» 
objeeta by tb Is generally done to preaerve the copper from the action of add Ugnlds, 
whloh would attack the copper b the preccnec of dr and convert It bto colnhlc aalto» 
Tin te not aeh«l on b thla manner, and therefore copjw veceda for th@ preparatiem of 
too<l nhonlil be tinned. 

Tim luicieitl Chinewt alloye, ormlaining nlKiut 90 p.e. of tin (ai>«oiflo gravity o! 
alleyo iihiiiit H’O), whieb have btmn rnjiidly riHiltd, are diutingulBlied for their rewvrvano# 
juel olniihrUy. Tlu'iif alloyn were furiiirrly mamifaeturiHl to large ijualititioi) fii (lliina far 
the miiTiii-iwl iiHitnmii’nlu kiiitwii an fiw-fems. Owing Ui their harilnetiM, allnyM of UiIb 
nature are abiK eKipluyed fer easting kwiim, bearlngti, d'c., OJid an alley eontaiuiug about 
11 p.c. ef Im (eoimtiBjK aiding with the ratin l'u,jUn) ia known bm guu.mMtaJl. The addition 
«l m ^idl tjuaiilily of pbuMphoruw, up to 8 p. « , retulem brau»i ntill horiUur and mow 
dwtfc, ami the dtey mi forimd iw now uoed tmdtur tin’ namei of phoBplwr'broa*®. 

Tho alloy Wiithij h brilUe, of a IiIu»bU eohiur, orwl baa notliing b eowaittn with 
cepl«>r or tin in ita apimoranM w jatifwrties. It tWttdB8p»rfieUyh^B^«9*»«an»ol« 
Ing, mid aeiptiresi a eryBtalliuft tstrurlttro (Hiehe). All thwie ©l^Mrly bdioate that 
tte alloy Hnlhiij in a of phowued aumVdjatton, whtoh te aJw »©«j to b# Ums eaic 

fri*s Hi «kin«il|, H'Hl. H«*l llww b*^« nti wmtoaeUo©, ^ dend^ of dm ahoy would b4 
i-il. It ii lh» lmvta*t of dl ttw dhJfB wf tb m4 wm, Ww dcndly of tb l| 


pbjocts— for instanoo, drinlcing vowels. 

Tin tlccoinpoaos tho vapour of wator when hoiitsil with it, liborating 
tho liydrogon and forming stannic oxCdo Sulphuric acid, dilutodwith a 
oonsidorablo quantity of watar, doas not act, or at all oventa acta veiy 
elightly, on tin, but tin wduoes hot atrong sulphuric acid, when not 
only sulphurous anhydrido but also sulpluirettod hydrogen ia evolved. 
Hydrochloric acid acts very easily on tin, with evolution of hjdr^oa 
and bn’iuatioii of fitnnnouB chlori^U', HnCl^, in aolution, which, with an 
excess of hydrochloric acid and acetiou of air, ia eonvurhid Inbu »tannio 
chloride : HnClj + 2H01 + O ® SnC^ Nitric aoki dilutwi 

with a conaldorablo quantity of water dissolve tin at thnoicdijawy tom- 
porature, whilst th® nitrlo add Itself b reduaed, fbrmlng, araongit other 
products, ammonia and bydroxylamino. Hem the tin paan Into idn- 
tion in the form of stannous nitrate. Stronger nitrie odd (iJlw »«§ 
dilute, when heated) transforms tho tin Into ite highait gmdo of oiMa* 
tion, SnOg, but tho latter then appears as the Bo-callml mataatoonie 

7'M RHil nf tniiUH'r H'H. Tlici allny ^ rr»i;>tsr{|##. 

All Hid iilliiyw dxddiiti HriCuj tin<I cp “•* ; h {mrtiun ru lidr iti f<«j«p«r 

DoIitlifldH flrwl. (UiiH tiUdiiumdUun iu torntwl tlid/e/uanna nt ivu l>ul tUn nUivd Iwa 

oJlaya do not Hiitit up on ocxiling;. In iIuim Mid m«uiy similar fiiotti wo mt dluarty dl»* 
tingulah a e/wmical union 6«iHwm th 0 m^kiU temlug m oUey. Tho ailoya of tla iwtd 
oopt>w wars loiown 1» vary mmaia tigds, baforo Irou wm am). THs diioys of slim aad 
(in m loBH Msd, bub aUoy»eompd»«d of Kino,bie, imd wp|wr Ow|UiMlly r^M« Vha mori 
oosUy btwse. Oonemvlns tha allctys of load me Note 4 ft. 

90 Aa exeaUent. proof of the fool that ulloyB aud nulubion# btb sohjoat to law ft glrtu, 
amongab olhere, by tho application of Kwiult'a »u'tho<l {Cllmpter I,, Note 4B) l*» aolaWoiMf 
of digdront mctala in tin, Tima lldyctick and Nnvllltj(lHHU) ahoww) that Uut tnHUHimliira 
of Bolidi/lmtion of inn] ten tin (aUO ''4) ia ltiur«iri>d by tint {.rcaoijcMnf n amall ipmntUyt fi.ihrt 
matala in proportion to tlio coiioirntration of th« (lolutiitn. Tht> following wi.r« tho rwltto* 
tioiw of UiB tunipdratiiro of B<iliililliialii>!i ..f tiiu>buiii»><| by di»u«lvjns In ilabtrnic |!ir*t|t*ir. 
tioas of lUfloront moteJM (for oxanipln, AS jau-te «»f al«p In n.aWJ jrarte of tinj ; Zn i** SI, 
Cu S«'47, A« a'^-67, Ctl r-lft, I'b r 'SB, Ilg S-'-B, Hh 8” (risaj, Al mi. A» Ii4<,*alr» 

(CbapUr YII.) aaablw the raolaCTiw wtuigbl to b«tl»temi»«d, th« atoetl prf»sl Mtoayiy 
of Hte mrdtant ftfftrMi (axwpt ibr slmtalotn) shews IhsI Um »dbMl« el 
l«(4, 619,4 wttwfflciy eaalata OH« »km U the tmhmk, llht i«e, w««m mA , 

Th«y obtoteed #a»« wsult (lIWO) ter Mf , No, Nt, Ac, W, Bl »b 4 In, It Mm 

he meatloneA that ttowy (18W) fear the oaiae porpoie tlh« ietenrimtlw «f ttte 
etdae weight of metals on the baala ef their matna) BeloUea) tedfe adfwtef# «*f 
variation of the vapour tension of merenry («e« Yol. I.,p, IW), aaoWatof wfoM »e^' 
In solution, and ha also found that the altove^m^ttsBid rtet^ eootela but mm ^ttm to' 
the molaoule. 

m bit <phQ Mtion of a mixture of hydroebtoria add and Mn forma an exiidQwl »«>■» ' 
of reducing, wherein both the hydrogen liberated by the mlstnrfl (at th« 

Mparation) and the stannous chloride act as powarful redaoing and 
'Chuiii te (eatanM, by this mixture uitm.oompoands are Inuiitfortud toto 

AHWmA&MMe^kiLi la. fekit alAm^nlit a# f.Kf4 mr*fiitiPk awA . 


It is important to remark as a characteristio of tin that it is : 
duced from its solutions by many metals which are more easily oxidisi 
as, for instance, by zinc. 

Jn combinationy tin appears in the two types, 80X4 and SnX. 
compounds of the intermediate type, 802X5, foeibg also known, but th( 
Matter pass with remarkable facility in mo^ oases into compounds 
the higher and lower types, and therefore the form 80X3 cannot 
considered as independent. 

Stannovs oxide, SnO, ia an anhydrous condition is obtained 
boiling solutions of stannous salts with alkalis, the first action 
the alkali being to precipitate a white hydrate of stannous oxi 
Sn(OH)2SnO. The latter when heated parts with water as easily as 1 
hydrate of copper oxide. In this form stannous oxide is a black cryst 
line powder (specific gravity 6 * 7 ) capable of further oxidation wl 
heated. The hydrate is freely soluble in acids, and also in potassi 
and sodium hydroxides, but not in aqueous ammonia.®® This prope 
indicates the feeble basic properties of this lower oxide, which acts 
many cases as a reducing agent.®® Among the compounds correspond 

Many volatile compotmds of tin are known, whose moleonlar weights con there 
be established from their vapour densities. A^nong these may be mentioned sta 
chloride, SnCh, and stannic ethide, 8n(CjH5)4 (the latter boils at about 160°). 
V. Meyer found the vapour density of staimous chloride, SnCla, to be variable batwee 
boiling point (606°) and 1100°, owing, it would seem, to the fact that the molecule 
varies from SnaCl* to SnClj, but the vapour density proved to be less than that indie 
by the first and greater than that shown by the second formula, although it apprda 
to the latter as the temperature rises — that is, it presents a similar phenomenon to 
observed in the passage of Nj04 into NO*. 

When rapidly boiled, an alkaline solution of stannous oxide deposits tin and ft 
stannic oxide, 2Sn0 = Sn+Sn04, which remains in the alkaline solution. 

Weber (1882) by precipitating a solution of stannous chloride with sodium sulj 
(this salt as a reducing agent prevents the oxidation of the statmous compound) and 
solving the washed precipitate in nitric acid, obtained crystals of aiannoua nii 
Sn(NO3)2,20H2O, on refrigerating the solution, ^is cryatollo-hydrato easily melts 
Is deliquescent. Besides this, a more stable anhydrous basic salt, Sn(N03)2,Bn 
easily formed. In general, stannous oxide as a feeble base easily forms basic salts, 
as cupric and lead oxides do. For the same reason SnXj easily forms double 
Thus a potassium salt, SrLK3Cl4,H20, and especially an ammonium salt, Sn{NH4)3Cl4, 
called pinA: salt, are known. Some of these salts are used in the arts, owing to 
being more stable than tin salts alone. Stannous bromide and iodide, SnBrg and 
resemble the chloride in many respects. 

Among other stannous salts a snlphate, Sn804, is known. It is formed as a ci; 
line powder when a solution of stannous oxide in sulphuric acid ia evaporated unde 
receiver of an air>pump. The feeble basic character of the stannous oxide is e 
seen In this salt. It decomposes with extreme fsioility, when heated, into stannio 


much CH aa SnCl 4 ). It is a tranapartmt, oolruirmHH, crystallmo auh- 
stance, molting at 260® and boiling at GOG®. WiU^r tliKBulvca it, without 
visible change (in reality partial docuinjHJHition oixmra, tvs \vt» hhall sco 
presently). It is also soluble in alcohol. It is obtained by luxating (in 
in dry hydrochloric acid gas, the hydrogen being then lilwiatcd, or 
by di.sat)]ving metallic tin in hot strong hydrochloric ncitl and then 
ovapornting quickly. On oonliiig, cry.stivlH of the riiouocHnii' ayat^nu are 
^obtainod having thn comjiositiou SnCl.j.'JlI./ ). An mjmniua wdution of 
this substance absorbs oxygen from tlio utmoHjihere, and giveu a pmupi- 
tate containing stannic oxido. From this it frillows that a iolutiou of 
stannous chloride will act oa a reducing agent, a fat*t fmjuently miulo 
use of in ohomioal inveatigations—for exarapb, for rtsdudng nietAls 
from their solutions— since even mercury may Im rodueed to a metallic 
state from its salts by means of stannous chloride. This wtludng 
property is also employed in tho arts, especially in tho dyeing industry, 
jWhero this substance in the form of a crystalline' salt finds an extonaiva 
.application, and is known as (in mil or tin erystnlH. 

Slannic (ixult\Bx\Q.i, occurring in nature as (inutunry etr coWo-nVc, is 
formed during tlio oxidation or tmmlmation of hoated tin in air a« a 
white or yellowish powder which fuws with difficulty. It is projmmd 
in large quantities, being used os a white vitreous mixture for coat* 
ing ordinary tiles and similar earthenware object# with a layer of 
easily fusible glass or enamel. Acid solutions of stannio oxide treated 
with alkalis, and alkaline solutions tn'atcd with acids, give a pro- 
cipitato of stannic hydroxide, BnfOII),, also known as Httumic nritl, 
■which, when hoahxl, gives up water and Icavt«« tlm aidiydrid*', HnU,, 
which is insolublii in acids, clearly allowing thn fiu-bltuieM »tf ite Imatc 
oharootor. When fused with alkali liydroxides (not with thoir ciirljo* 
nates or acid sulphates), an alkaline compound b obtained which ii 
eolubk In water. Stannic hydroxide, like the hydm^ of illiM, ii a 
'oolloidid subifeaaw, ‘ and prosente teveral different isiodifioi.tiotts, d#* 
pending on the method of preparation, but having an Identloai eompo* 
(sitidn ; the various hydroxides have also a different app«.ra,ne«, and 
,ftct differently with reagents. For instance, a distinction Ii mmle 
between ordinary stannic acid and metMtannio acid. S/annie neiti is 


aafl luJpharoug anhydride, but U easily fonno double ««Jt« with the wH# of dWl 
mstida 

la giiaaona hydrooWorio acid, itiuinouB ehloridu, 8nCl,,eH^O, fom« «. liquid haviaf 
Sn01fl,HCl,8lI,0 (sp gr. 9 2, freew* at - 97®), wd a wlid wJt, 8nCl^,H*Q 


in strong hydroohloric or nitrio acids, and also in potassium and aodiu 
hydroxide*. This ordinary atannjio acid may bo still better obtain 
from sodium stannato by tho action of acids. Mntastarmia acid 
insoluble in sulphuric and nitric acids. It is obtained in tho form 
& heavy white powder by treating tin with nitric acid ; hydrochloj 
iioid dees not dissolve it immediately, but ohonges it to such an oxte 
that, after pouring off the acid, water extracts the stjuiiilo chlorit 
8nOl4, already formed. Dilute alkalis not only dissolve inetiisttvnti 
acid, but also transform it into sails, which, slowly, yet complotol 
dissolve in pure water, but are insoluble even in dilute allte 
hydroxidofl. Dilute hydroohloric aend, tispocially when boiling, chang 
tho ordinary hydrate into imNUiutiimuo arid. On this depends, 1 
the way, tlu» formation of a wliito precipitate, Htannic hydroxide, fre 
eolutioiui of HPuinouH and staimir. chlorith's diluted with water. T 
stannic oxitlo lint dissolvwl changes under tho influence of hyd> 
chloric acid into nietaataimic tusid, which is insoluble in water in t 
presence of liydrechlorio add. Solutions of motastannic acid dill 
from solutions of ordinary stannic acid, and in tho presence of alk 
they change into solutions of owlinary acid, so that motastannic a{ 
corresponds prinripfdly with the acid compounds of stannic oxlc 
and ordinary Htannic arid with the alkaline compounds.*" Gmlu 
ohtained a Holuble colloidal hydmxiih* ; it is subject to tho same trai 
formations that uns in gt'neral peruliiir to colloida. 

Btannic oxide shows the properties of a slightly energetic and int< 
tnediate oxide (like water, silica, &c.) ; that is to say, it forms solS 
oompounds both with bases and with acids, but both are easily < 
oompoied, and are but slightly stable. But still the acid character 
raow» ohtarly devolojHxl than the Imsio, oe in silica, germanio oxit 

«•* Fr^niy oujinimi'M thn ouuri* «if Uh. tlitft'rcnro Ui in a diffiTMiro of pi 

mcrtMiitiMii, Milt i'<imiitlt'rn that ttm nrilmary lUihl f'lirriy.jHtiiitii with the iixiitii flnl),, » 
Mil’ liiiila iwiil with Hill iijsiiti’ Hiijt lull it in uiurii pi'iihabh' Ihiil tmth wrii jinlyiiif 
hut III a ihff«r(..|it ih’jrti'i’. tUaimii' iw'iil with «’nhlllii I'lU’himii.ti' Hi't'ii a Halt (it tho I'l 
lumtUiifi Na^tiiit^, Till’ BMiii' itall 1m atm> uhtaiiu’tl hy fuBiun niutaatunnio aoitl « 
fe«4tiuu hy«la'»fi*s, whllal iiii’laislauuii' W'lit jjivi’h a mlt, Najniit)i,4Hn<1., (Krlmy), 

wiiJii » (liluh’ ftiiluli’Ui «’f alkiUi ; iimmivnf, utwiniu is alim wiluhlii in the o 
Hnijfy stowtftio, Na^Hiitlj (Wtit«irh on that li”Ui wljwniu a«idti(likti iKith form* of sihew.) 
tiaj.alih’ Ilf jMitymi’riHttliiiii, wul priihahly imly iliffur In itt In jfeneral, thwe 

tu’i'*’ » |ri 0 «t ri*w’tiihSttiM*« ki uiltra, lunl (tratmm titit«4n(»d a eoJntlimot nMunnioMid by 
ihiMytiin I’t ti« alk«lin»i ft.'hiWHM. Tita indfi ttiffttmnm betwtwn these acide i« I 
Mw i» wImMu in bidnudiltos’ie ae’lil, arid glvw a predpitel® with BulphnHe i 

ehlmnlc, »bn*h Ao mil itrwjjultttin Ui« tnrAinaiy a«id. V'igntm {11 


OI cxuoruie on tui, ana is Ijxiou purxutsu, utjcjtiuao is a ixquiu 

boiling at 114:°, and therefore can be easily distilled. Its specific 
gravity is 2-28 (at 0°), and it fumes in the open air (spiritus fumans 
libavii), reacting on the moisture of the air, thus shomng the 
properties of a chloranhydrid6. Water hov^^’ever does hot at firSfi 
decompose it, but dissolves it, and on evaporation gives the crystallo- 
hydrate SnCl4,5H20. If but little- water be taken, crystals containing 
SnCl4,3H20 are formed, which part with, one-third of the water when 
placed under the receiver of the air-pump. A large quantity of water 
however, especially on heating, causes a 'precipitate of metastannio 
acid and formation of HCl. 

The formation of the oompoond SnCl^SH^O is accompanied b; so great a contrac. 
tion that these crystals, although they contain water, axe heavier than the anhydrous 
chloride SnCl4. The peuta-hydrated(erystallo-hydrate absorbs dry hydrochloric acid, and 
gives a liquid of specific gravity 1*971, which at 0° yields crystals of the compound 
BnCl4,SHCl,6H20 (it corresponds with the sunilax platinum compound), which melt at 20° 
into a liquid of specific gravity 1*925 (Engel). 

Stannic-chloride combines with ammonia (8nCl4,4NHs), hydrocyonlo aoid, phospho- 
retted hydrogen, phosphorus pentoohloride (8nCl4,PClj), nitrous anhydride and Ita 
chloranhydride (SnCl4,N20j and SnCl4,2NOGl), and with metallio chlorides (for example, 
K2SnClj,(NH4)jjSnCl4, &c.) In gener^ a highly-developed faculty for oombinatiou ia- ; 
observed in it. | 

Tin does not combine directly with iodine, hut if its filings be heated in a closed tube 
with a sointidn of ihdiiie in carbon bisulphide, it forms stannic iodide, Sail4, in the form 
of red: ootahedra which, fuse 142° and volatilise at 296°. The fluorine Compounds of * 
tin have a special interest in the history of chemistry, because they give a series of 
double salts which are isoinorphous with the salts of bydrofluosilicio aoid, SiBjFg, and 
this fact served to confirm the formnla SiO} for silioa, as* the formula SnOj was induhi- . 
table. Although sfcmnic fluoride, SnP4, is almost unknown in the free state, its 
corresponding double salts are very easily formed by the action of hydrofluoric aoid on 
alkaline solutions of stannic oxide j thus, for example, a crystalline salt of the composi- 
tion SnK5Fe,HjO is obtained by di88ol*ring stannic oxide in potasaium hydroxide and 
then adding hydrofluoric acid to the solution. The barium salt, 8nBaFg,SH20, ia 
spaxiugly soluble like its corresponding silicoflnoride. The more soluble salt of strontium, 
Sn8rFg,2H2d, crystallises very well, and is therefore more important for the purposes of 
research ; it is isomorphous with the corresponding salt of silicon (and titanium) ; the 
mal^erinm salt ooutainB 6H2O. 

Stiaimic su^hide, SnS2, is formed, as a yeUow precipitate, by the action of sul- 
phuretted hydrogen on acid sdlntions of stannic salts; it is easily soluble in ammonium 
and potassium sulphides, because it has. on acid character, and then forms thiostannatea 
(see Chapter XX.) In on anhydrons state it has the form of brilliant golden yellow 
plates, which may be obtained by beating a mixtnre of finely-divided tin, sulphur, and 
Bal-ammoniao for a considerable time. It is sometimes used in this form under the 
name of mosaic gold, as a cheap substitate for gold-leaf 'in gilding wood articles. On 
ignition it parts with a portion of its sulphur, and is converted into stannous sulphide 
. 8118. It is soluble in caustic alkalis. Hydrochloric acid does not dissolve the anhydrous 
jciystilline compound, but the precipitated powdery sulphide is soluble in boiling strong 
'tijAiocfiloijo aoidt^^m the evdation of hydrogen sulphide. 




ihstanco, PbO.j— -ia in a chemiau sonae far It'ss Btablo than tho lower 
typo, PbX. Tho ordinary cmiipoundsi of load cornsapond with 
latter, and in addition to this, TbO, although not. jwuiioijLlarly odw* 
getic, ia .still a dccklod baso easily forJning Lmuj salts, PhX.j(rhO).. 
Although tho oorapound® PbX^ aro ttnsteblo they ofittr many {Mfinta of 
analogy with the corwaponding eomjmunfls of tin SnOg , tin’s in feoon, 
for instance, in the foot that PbOg k a f«»cblo acid, giving tho «ll 
PbK.20g, that PbCl4 k a liquid liko BnCl^ whkh Is imt inffootod by 
Bulphurio ncid, and that PbF^ given double aalts, Uko SnF^ oV* 8iF4 
(Praunor IHU l. S(!o OhapUir XL, Noti» 49 bk) ; rb(<’4ll4)4 also 
rescinbUjH Hn(C.4U;,).| ‘^'o. All thia bIkiwu that h«wl ia «. true analogue 
of tin, as Ilg k of cadmium.''* 

Lead k fomid in nature in oonildemble inawf», In the furns of 
galena, had mlphith, PbB.’'’' Tlio BpeeiUo gravity of galcmi. m 7‘fiH, 
colour gray ; it orystaUkto In the regular aystem, and hiw a fino 
metallic luatre. Both the native and artlMal Bulphidw arc in»lublti 
in aeddfi (Xtydrogen sulphide gives a black precipitate with the i»lt« 
PbXa).''®^''® When heated, lead molt^ and in tho open air i« either totally 
or partially transformed into white load aulphato, PbBO^, a« it alat) l» 
by many oxidi.sing agents (hydrogen ptiroxido, {Kjlassduni uitmio). 
I,ead sulphatti ia also insolublo in water,’"* and l«ml k but randy mo^ 
with in- thk form in nature. The chromates, vatmdato, phwphato, and 
dmilar salte of lead arc also somewhat rare. The ttfcrbonate, PbOO|, k 
sometimes found In large masses, eepedfdly ha tibe Altai ted 

sulphide is often worked for extracting the sUwr whkh it wmtaini | 
and as the lead Itself also 6nds manifold Industriid jappliwtkn% thk 
work k carried out on an exceedingly largo scale. Many mothod* art 
employed. Sometimes tho load sulphide is dwomiKwed by heating it 
with dasCiron. Tho iron takes up tho sulphur from ihi' lead ami furmi 

so AWioogh this htttt l<a)g bwsn minondly rmurnlMal fmm Ui« 
fee two ineU.1% gtill from a ehttiuiad |H)lnt of viuw (t Um cittli beow tlei.nttrt«kal4Ki |jy 
aeuu of fee porlodto kw. 

taxed cm of eBppw e«i»pOT»ds fepfeor wife fbi »d S»i « fe«iaii»iif 
feuftd la fe« BBOrt pjfkory to^, As fee of fes fe«wlf«» 

Is fe* mm- w» ^ a msfeod of m wMag . S«eh 

mixed OKla cow in Rusda, k may of fee CaaoMBs, wd la fe« Dowife dlttetel 
(ftt Nafokhkl. 

«» Oh X/^Rd wilpWd® in fee pmsaw of slno aad bydmWorio seM (•’ 
wdusod to jnetaJlio load, all feo Bulplitjjr bolag given off u bydn^Bn 

« Load Bulplmte, I‘ti804, oooar* k nature (anghaik) in feauij«tf«RlbriUlM!teff«l*l« 
which aro iHOmonilimiH wife ha^rlnm onlrfeHtja nna tt ananifln M 


aiJUJLUUlN AJMjy iJtiJi; UiUJilt OF THJB FOUKTU OKOUl' ISO 


easily-fusiblo iron sulphido, which does not mix with the hoavmr reduced 
load. Xiut anothor process is more frequently used ; tho lead oro (it must 
bo clean ; that is, free from earthy matter, which may bo easily removed 
by washing) is heated in a rovorboratovy furnace to a moderate tempera* 
turo with a free access of air. During this operation part of tho lead 
sulplutkj oxidises and forms load aulphato, PbSO^, and lead oxide.' 
VVhpn tho o.xidation of part of tho load has boon attained, it is nocos- 
sary to shut off tho air supply and incroaso- tho tomperaturo, then tho 
oxidiaod compounds of tho load enter into reaction with tlio romainiiig 
load sulphide, with formation of sulphurous anhydride and metallic load. 
At first from PbS + O 3 , i-*bO + 60^ are formed, and also from PbS ■+ O 4 
lead sulphate PbSO^, and then PbO and PbS 04 react with tho remain- 
ing PbS, according to tho equations ^PbO + PbS = 3Pb + SO.^ and 
alsoPbSO^ +PbS:s: 2rb 4- 2S0.4.'‘4 

Tho appoaranco of load is W{>11 known ; its spooifio gravity i.q IPS ; 
tho bluiiih colour and w(jll-inarkf:<l motallio lustre of fro.sldy-cut load 
quickly disappear when exposed to tho air, la'causo it bocome.s coated 
with a layer-- although a very thin layer — of oxido and salts formed 
by tho moisture and acids in tho atmosphere. It molts at 320^, and 
crystallises in ootahodra on cooling. Its softness is apparent from 
tho flexibility of load pipes and shoots, and also from tho fact that it* 
may bo cut with a knife, and also that it leaves a grey streak whod 
rubbl'd on paper. On account of its bolng so soft^ lead naturally 
ciuiuot 1)0 applied in many cases whoro most meUds may bo used ; but 
on tho other hand it is a mrtta! which is not oa.sily changed by 
ohi'iiuinil n-agtiuts, and as it is capahlo of la'ing soldered and drawn 
into shoots, Sia., lead la most valuable for many technical uses. Lojid 
pipes are used for convoying water and many other liquids, and 

^ A-econlinf to J. B.' Httja»ay» (1891) the las} nam»d d®oompe«Hiob (PbS+Pb804 
• SPl) + aSOj) i« really much more oompUcated, and la foot a portion ol the PbS Is 
di«wilv»Hl ill tbu Ph, forming » slog eoatalninff PbO, PbS and PbS 04 , whilst a portloa 
cif U»! U-rtd vi'litt)li«(>a with tho HOa in the form of a oomiKiund PhSjOj, which in alw 
funni'd hi ollior ciistm, hut bn’i Uni y«it botm Umroutihly viliullod. 

lii'uidi.n Ihur.r iiii-lhruht f.ir nKlrucliiitc h-iid friiiti I’liS in ilsi orui), ri-.wtlnti; (tin* lonioval 
hf thi< H in tlin f(.rn) id Kllj) und tmti-UitiK with (.dmiruiiiil with a tdant in tiu: minui 
snannia n i In ilin nianiifiir-linti *if i<i({ Iron ((dniptiir XXII.) urn «U .u linphiyi d. 

Wi» limy iidd Ihivl Pl'H til ti'iiUi.1 wilt 7.ji und tiydrindilorio iwl>i (wliivh luvi ud acliim 
U 2 )on PiiH ttlutii ) t'liilri-'ly d>'i>>iii{ii>auti, funning H^U and iiKitolliii K.ut; Pltn4 Zn-i-SHCl. 
«» Pb + ^nC|| t IIjH, 

lead ia easily reducbd from iti area, nnd thu nm lOailf bau a moliiUic a.pi»eara»w, it 


PbCla, thc80 salta being inaoluiilo in wateir aiui in acids, <h)vit tlm 
load and protect it from furtlior corrosion.^® All iolublo prtjparAtbjn® 
oi lead arc poiwuom At a white boat lead may 1ms pariklly diitiUml j 
the vapoun oxidise and burn. Load may alto bo oswily oxiiiisinl at 
low tompcswAura*). Load only decomixwtw water at «. white h«^ 
and does not lilvorate hydnsgon from acids, with tho exeoptloa only 
of very strong hydrochloric acid and than only whiai l»lUng, 
Sulphuric acid diluted with watar does not sot on it, or only octi 
very foebly at the surface ; but strong sulphurio acid, when hmted, 
is docoiuposod by it, with the evolution of aolphurout anhydride. The 
best solvent for is nitrio add, whioh traatforoM it into a wlublo 
salt, Pb(N 08 ) 9 . 

Although acids thus have directly but little m l^d, and 

tlds Is ond of its most important practical j^roperties, fM whm ^ 
has frm access, had {like ciip^Mr) tmy &mly reaais udtA many mkk, «wa 
with those which are comparatively feoblo. Th«' action of aeotlo odd 
on lead is particularly striking and often applied in prootloo. If Iwid 
bo plunged into acetic add it does not diang© at all and does not fmm 
into solution, but if part ol the laid be imiaersed in tibe odd, and 
the other part 'remain in contact with the dr, or If Iwdi be merely 
covered with a thin layer of aoetlo add tn such a way that air 
is praotioolly in contact with the metal, then it unites with tho oxygon 
of the air to form oxide, whioh combines with the acetic odd and 
forms load acetate, soluble in water. Tlio formation of Imti oxide in 
ospocially marked from tlio foot that will* a suffloiont quantity of air 

leokd ptpflii antler the twUoB ol ramUnj* walor «oQtt beeoroe cwotod wldn « ftlin <4 

enlphsto, «ftrbonato,o)U[erido, lt<u>«wbkb am imdnbk fan wotw, mS dte water ptpw 
4 hea beoome hamlwa 

liSad tfl UM& fan tb« s«tn,«nd owing te'tte o»Mite«A3« tl fai ttdiMd 

■ wt% ot oihw metela, into nlitoV A omdtoaMo mmemI" te 

<top-&a«yMttn«i!<mi 7 )te axtaroniiag gold «nv«c 
fiKttora of <teaalnal m^an^ Mi^allyol lead Xfnodl 

in aiBtkgBisho^ lo* It* MlUnat ydlow odw, owing to wW A, it la fan 

able quantities m a dya, mainly for dydag cotton tlswusydlow, It ii fatrorf o« iho Mi«»« 
itself, by enusiag a eolublo salt of l«d to mot on fotoBduan dtromate. ohrowte 
i« mot with in nature a* ‘ rofl load am,' It ie in^abk in water oM oosde #44, bnt 
it dissolve* fn nejuMua potash. Th« ea-calM pewter vooseJa t»ften «mdi«t »« Msf dl 
6 parte of tin and 1 part of lead, and wider is ©omijowd of 1 to 9 parte of Mn wWh | part 
of lead, Anaonpt the alloys qf lootl and Un, Budborg atetes that the «dl<^ I%8nji rtmi* 
out fyom tho rest, «inoe, oooordlng to his obeorvaMoae, tho temp«»tero of iolMiimtiw 
d fdte ahoy I* 


aiMUUW AINJU lUii UIUUiK JbJbbMJiNTS Ui^ IHU L'UUUTtl OKUUP 161 


not only Is tho normal load acetate formed but also the basic 
salts/^ 

When oxidising in th« presence of air,“® when hcatod or in the 
presence of an acid at tho ordinary temperature, lead forms compounds 
of tho typo PbXj. Lead oxide, PbO, known in industry as litharge, 
silberglatto (this name is due to tho fact that silver is extracted from the 
load ores of this kind) and massicot. If tho lead is oxidised in air at a 
high tomperaturo, tho oxide which is formed fuses, and on cooling is 
easily obtained in fused masses which split up into scales of a yellowish 
colour, having a spocifio gravity of 9-3 j in tins form it boars the name 
of litharge Litharge is principally used for making load salts, for 
tho extraction of metallic lead, and also for tho preparation of 
drying oils—for instance, from linseed oil.'''’ When oxidised care- 

Tho tionuiil louil lUidlaUs known in Inulo an siii/iir of lead, owing to ita having a 
flW((t^l.i(ih taiitii, hmi Uni fnrmula Thia aiiU only crytilalliHOH from acid 

Holiitioiu). Ilia (wiiial'lo of diMMolving a fiirUior nuanlit.y of haul oxido ov of nmtalliii load in 
tho tiroHonco of air A lianiniialt of tho cimiiionitiou rh(CallaOu)j,PlinaOa ia then forniod 
which ia iioluhlo in wator and alonhol. An in Ihia ualt tho muiihor of atoma in oven and tIio< 
«amo a« lu tho hydralo <tf luiotio acid, CalI*0.j,na0i.iCall5(01I)5, it may ho roimmoutod as 
thill liyilralo in whicli two of hydrogen aro ropliicod by lead— lluit i», as CjlljiOniiOjI’h). 
TIUb luwio BiUt ia used in modloino ou a rtnnedy for inflammation, for handaging wounds, 
<S;o., and also in tho monuiaotaro of whito lead Other basio acetates of lead, 
oontaining a still groater amount of load oxido, ore known. According to tho above 
roproaontation of tho coinpOBition of tho prucoding load acotato, a basio salt of tho coin- 
position (OjnjljiO.jl'hls would ho alao poBsiblo, hut what appear to ho still moro basic 
Bolln aro Inmwn. As Urn oharaotor of a salt also doponds on tho property of the baso 
(roiu which it in funned, it would Hoeiu that lead (orniH a hyilroxido of tho eoinpotiition 
llOl'hOlt, eimtiiiimig two water reniduee, one or both of whiidi may ho rephux'd hy tho 
W'id rmiidues. If both water ronidueH are replaced, a normal Balt, XPbX, is obtained, 
whilst if only one is replaced a basio sidt, Xl'bOII, is fonnod. Hut lead dues not only 
givo tins normal hydroxide, hot also polyhydroxidos, l*b( 01 I),nPh 0 , and if wo may imagino 
that in the«e polyhydroxidon there ia a Mubatitution, of both tho wator rostiduos by acid 
rewdues, than the power of lead for forming basic ealtg is oxplwnod by the properties of 
the ba«e which inter# into their cempoBitioa 

•<* Pew compound# are known of tlie lower type PbX, and bUU fewer of tb© inter- 
roodiate typo PliXj. To the flrat typo holongs tho ao'Called lead aubosido, Pb-jO, ob- 
tainml by tho ignition of lowl oxalate, C.jPbO^, without mcohb of air. It is a black powder, 
whieb easily brealoi up tmdor Um aetion of acids, and even by tho simple action of heat, 
Inbi uieliilliii lead and load oxido. This is tlio ebaraeler of all tiuboxideti. They cannot 
lie regardis! mi indepeiidont nalt fonning oxides, neither ean iliono torniM of oxidation of 
loiul wbieb emdaiii moro oxygon tliau tlm oxido of load, PbO, and lens than llio dioxide, 
PbOg. All we nball iteo, at leawt two tiueb compomidii are formoil. Thun, for example), 
on oxide having the eomponition PbjOj is known, but it i# diwomisnuMl by tlu) action of 
acid# into lead oxide, whieh paimoN into Holutum, and lead dioxido, whicli remain# bobiiid. 
fluoh i« red leml. (Hoe further on.) 


yellow colour, and cuners trom iitnarge in the greater airncuity witn 
which it forms lead salts with acids. Thus, for instance, when 
massicot is moistened with water it does not attract the carbonic acid 
of the, air so easily as litharge does, It may, however, be imagined 
that the cause ef the difference depends only on the formation of 
dioxide on the surface of the lead oxide, on which the acids do not 
act In any case lead oxide is comparatively easily soluble in nitric 
and acetic acids. It is but slightly soluble in water, but com* 
municates an alkaline reaction to it, since it forms the hydroxide 
This hydroxide is obtained in the shape of a White precipitate by the 
action of a small quantity of an alkali hydroxide on a solution of a 
lead salt. An excess of alkali dissolves the hydroxide separated, which 
fact demonstrates the comparatively indistinct basic properties of lead 
oxide. The normal lead hydroxide, which should have the composition 
Pb(OH)2, is unknown in a separate state, but it is known in combina- 
tion with lead oxide as Pb(OH). 2 , 2 PbO or Pb302(0H)2. The latter 
is obtained in the form of brilliant, white, octahedral crystals when 
basic lead acetate is mixed with ammonia and gently heated. The 
basic qualities of this hydroxide are shown distinctly by its absorbing 
the carbonic anhydride of the air. When an alkaline solution of the 
hydroxide is boiled, it deposits l'ea<| oxide in the form of a crystalline 
powder. 

Lead oxide forms but few soluble salts— for instance, the nitrate 
and the acetate. The majority of its salts (sulphate, PbS04 ; carbonate, 
PbC03 iodide. Phi;;, &c.) are insoluble in water. These salts are 
colourless or light yellow if the held be Colourless. In lead oxide th,a 
fac^ty of forming basic salts, PbXawPbO or PbXgwPbHjOa, is strongly 
developed. A similar property was observed in niagnesium and also 
in the salts of mercury, but lead oxide forms basic salts with still 
greater faicility, although double salts ajre in this case more rarely 
formed.*®^ 

of anhyircras glycerine) forms avery quick (two minutes) setting cement, wkich is insoluble 
in water and oils, and is very useful in setting up obemicaf apparatus. The hardening is 
based on the reaction pf the lead oxide with glycerine (Moraffsky-) 

^ It is very instructive tff observe that lead not only easily forms basic salts, but alsp 
salts containing several acid groups. Thus, for example, lead carbonate occurs in nature 
and forms compounds with, lead chloride and sulphate. The first compound, known as 
eormoua lead,'phosgemte,hB.B the composition PbCOsiPbCla; it occurs In nature in brighjt 
{mhiteal crystals, and is prepared artificially by simply boiling lead chloride wiOi lead' 
carbonate. A similar compound of normal salts, .PbSO^jPbCOs, occurs in nature aS' 
mcfnoolmio crystoJa. . Lfl<MtMfife<5qntalnffPbS04,8PbC05, and alsb occurs 



crystftlUsos In octahwli’u, disaoivos in water, and has a specific gravity 
of 4 * 6 . When a solution of this salt acts on white lead or is boiled 
with litharge, the basio salt, having a conipositiorl Pb(0H)(N03), is 
formed in crystalline needles, sparingly soluble in cold water but easily 
dissolved in hot water, and therefore in many respects resembling lead 
chloride. When the nitrate is heated, either load oxide is obtained or 
else the oxide in combination with peroxide. 

Lead chloride, PbCla, is precipitated from the soluble salts of lead 
when a strong solution is treated with hydrochloric acid or a metallic 
chloride. It Is soluble in considerable quantities in hot water, and 
therefore if the solutions bo dilute or hot, the precipitation of load 
chloride doc.s net occur, and if a hot solution ho cooled, tho salt 
separates in brilliant prismatic crystals. It fuses when heated (like 
silver chloride), but in inholublo in ahimonia. This salt is somotimes 


in yellowish, monoclmie, tabular eryalivlM. Wo will turn our intention to tlieSe baJU of 
biul, bKHueo U ie v«ry probublo tlmt their foemution la allied to tho formation of the 
baelo ealtfi, and Ute following ooneidoratieme may lead to tho explanation of the @xi»(* 
enoo of both. In doiicrihiug Bihca wo carufully developed tho conception of polymeriso. 
lion, which It iH aluo imlupnisahla tu reeotjnisei in the compontion of many othtr 
oxidfis Thun it may ho BupjKKmd that I’hOj m a einnlar polynuirmiid compound to 
lhat ihi' I'ompoHition of lead poroxido will lie IHiuO.;,,, heeauiie haul methyl, 
PhMe^, and leail ethyl, I'liKt^, are volatile conipoundK, whilHtPhOjlH non-volatile, and la 
very like ‘tihea in tlue reeiM'ct. ami net in th« least like earhnnle iniliydrido. Htill more 
Bhoiild a polyriionc alnu ture, l'l>«On, he aeerihwl to lead oxide, Minee it differa a« liltlo 
from leail dioxide in its phyaical propiurtiee aa ctirhoitlo oxide does from carbouio 
anhydride, and being an unaaturated compound Ih more likely to be capable of inter* 
oombination (polymerisation} than lead dioxide. TheM oonsiderations rogpecUng Uio 
oomplextty of lead oxide oould Iiave no real Bigntflomice, and could not bo a«6epl«d, were 
it not for the existence of the above-monUoaed basio and mixed ealU. The oxide apparently 
ebtreaponds with the eoffljwsititm Pb^Xga, and abioe, according to this nsprwentation, tho 
nuinher of X’m in the ealtn of leofl iw rcmeidorable, it hi obvious that they may be diverse. 
When a part of IIiomm X'm in rophifod by the water reniduo(UH)or by oxygen, XjtaO, and 
tho other pin til by an m id rrntiliir, X, then buttie nalte am oblaini'd, but if a part of the 
X'm itiri pliu eit hy uenl reuidlU'M of one luiid, ami the other p.irl by tieitl rcniidueH of auotlier 
kind, then thono miseil tinlin about whit h wt< are now ni.t'nking are fornn?d. TIiuh, for 
i>Kam(i!e, wo may »ujii>o»te, for a eompariMon of Um roni[,o!<ititiu of tho majority of the 
taJUi of b’tttl, lhat « III, and then tho hIhivu meiitioueil eomimuiebt will jtri*«ient them' 
S«lv«a in the hiUowing form • oxole, l'b,,(i,j, iln rryatidlmo hydrate, I'liijOJOHli, 

l»*d fhlorido. I'll, ,(*1^4. lead oxyihh Tide, l*h,,(’lj,0«, the other oKyrhlorido,I*h,j(OH)^C40ft, 
wwnhfMte (seo Note Bl), l*b(.,('lj,<J«, normal lead nirlKinato, I*b(|{CO^)jt, eryilaUlo# biwie 
ea.lt, I'bj jfdUlBlt'.tijlrt, white leiwl, I*b,,{t'OsWHO)„, coniMU!! lerf, FbifjCk'^COs)#, 
knatkiitt, l'b, 4 (ftbWHUj)«, leadhilliUt, I'h,s(t'iHWB(bl,, ike The number JS in only 
tek«» to avottl (rattional qttantili#«. Pm^bly tho polymerimtion .it hifb«r than 
ttk. Tlw theory of Um polymeriaation of osldea inlrodueed by m.®is lh« firat tdiUoa el 
Ihto w&tk Cl»W) it m»w b^lasing to be ftmemUy ace^ted. 


Tho reaction of lead chloride with water vapour lead* to the siime 
conclusion, showing the feeble 1)0810 ohorocter of load SPbCli + 11^0 
'K»Pb01a,I*bO + 2HCI. When anataonia,isftddml to an otiuooui ■olution 
of lead chloride a white precipitate is form*^d, which ports with wotor 
on being heated, and hae tho composition Pb(OH)Cl,FbO, This ttan* 
pound is also formed by the action of metallic ehlarldw on other wlubli 
basic salts of lead.®* 

Lofid carbonate, or whits is tho most oxtansively used baalo 
lead salt. It has the valuable property of ' covering,' which only to » 
certain extent appertains to lead sulphate and other white powdoty 
substanoes used as pigments. This faculty of ‘ ooveriag ’ oonMsta in 
the fact that a smtdl quanUty of white lead mbtid with oil tpittadi 
uniformly, and if such a mbctore be spread over a mvbm (iorimtiimc% 
of v^ood or metal} the surfaoe is quickly covered —that is, l%ht dM not 
penetrate through even a very thin layer of superposed whit® letd } thu% 
for example, the grain of tho wood remains invisible.*® White lead, 
or btma lead carbonate, after lioing drietl at 120“, hw a compMition 
Pb( 0 H)ji, 2 I^b 003 .®* It may be obtained by abiding a solution of stKlium 

A gimUor bftsle gall bsTiag a wbito oolcor, sni aii«4 m a ic* 

wblto lead, in aito olrteined by mbdns.A e^aiion of bseie leed amIaIa wiUi a Biduiim (d 
lead oblodde. !(« fonnsWon le «*pre8««d lay tbs e^UA4i«9! iPbEfOK^PbO + PbCb 
-iSPbfOH)CEl,PbO-l>PbX 9 . Similar besid oompottad* el Iwd ar« mwt wikb ie mUim 
—for bletianot, l?b01,aFb0, wWoh AppsAr* in brilliAnI yeUwf^ wbite 

maeeeg, The ignition of, fed lead with BAhAinmowiAs rweulte in similar |M»iyb*itle 
oompounde of Jeed chloride, (ohnlng the OMmV», or miwml ydtaw of lh« 

PbOlflnPbO, Lead iodide, Pblj, Is «Ull le«« eoluhlo then Ihn chlnriile, wul in thi»r«>f»»M 
obtftinod by mixing potAsaimn iwlicle with n wilutinn «f a Itwl wUl. It wpwAfes m m 
yellow powder, whioh may be diasolvod in boiling water, And on omdntg to vmy 

brUliRjab oryatoUlne aoalea of ^ golden yellow t'ohmr. Tin* »a 1U i*b«r^ i*bF^ 
PbaB'e(QN)i, are also insol^le in water, and form white prteipitatoi. 

M It is remarkabkthaS-a peoulkr End of atlraoHoa wtkk b«lw8« bottdi 
Oil and wEklwd, M I# seen fromths Wkwlng wsqpwJjamk, WMH W k 
InwnltS'. Mihon|^itkh«vriertiUmwAkr,ttrmlMlnwspnEmtallteMMU«« 
sad k lksm|h}y motsteaed by tk, so th« Mturote be mode pwMi 
BaseSd ottf# iien added, end rtudkea up with it, A mMwm el Bm ott awI wblln toad tf 
then found to eeWe at the bottom of the veeMd. AltitoagB the oil Is mneh lighter 
the wakr b doee not float on the top, bat ie ritataed by ^e whJto kad sad rfnke nmta* 
the water tegetlior wife it. There ie not, toweTM>, any mere p^»o| e^WnaUsn nm 
even any eolation. If the reealtoat mass be ttven treated with eftk or any olkw «ld 
capable of dieiolvlng the oil, the latter paisee kto eolation and iMvei wblle 
tmEtered. 

»* It may bo regarded oa a salt oorreapoadlag with the nmmal ed mrtwak 

arid, 0(0H)4, to wEoh three-qvuwtore of the hydropa Is repkoed by 1^, A bEI k dm 
hmm to wWoh oil the hydrogen of this hydrate of eorbenlo oridf to rekae^l l.¥ »— j - 


vessoi / ; ic is proparea in ttio vaii jx, containing iitnargo, into wuicu 
the pump P clelivors the solution of tho acetate, which' remains alter 
the action of carbonic anhydride on tho basic salt. In A a basic salt is 
formed having a composition approaching toPb4(OH)(i(02H3O.^).j ; car- 
bonic anhydride, 2OO2, is passed through this sohition and precipitates 



Fio. fi2.— MauufiuJture of wbltfl le*4 

wliito load, Pba(0n)o(C03)a, and normal load acetate, Pb(0aHa02)5, re- 
mains in the solution, and is pumped l)ack into tho vat A containing 
load oxide, whore tho normal salt is again (on being agitated) converted 
into the basic salt. This is run into the vessel B, and thence into / 
Into the latter carbonic anhydride is delivered from the generator X), 
and forms a precipitate of white lead.®® w* 

In order to mark tho transition from lead oxide, PbO, mto lead 
dioxide PbOg (plumbic anhydride), it is necessary to direct our 

Hliiitcn liy till' tM'tion Ilf waU'r tiiul viirl'oni*’. will m Itwl, 'Jlin jionnal PliUOg, tKsrura 
In nuluni ujuIit Uki nttmn cf wliilo li'iul on’ (in>. jcr. (V47), in cifyntulM, iwnmirjdvmw with 
‘Uul ill fiitmiHl liy thn dmiUo dectuninmiUou of Ifwl uitniUi witli Boiliuni cw 
IkhuiUi, iw n Inmvy whiti' (in'i’ijutM'li'. TIiiih InitU tlusiwi imJiti risBunililo wluUs but 
tl« flr«t, HttMuil twR ill t'si'hwivu'ly umxl in iiriu'lip©, owing to iU Iwing very eonvealrotly 
pmptixmdf wid boing chwrMttjsiml by itw grwi wwering e^iidty, a* ' body,’ du® to lU 
CLnci NUto of diviMion, 

S'*-'* Oiui of U»« many mothinls by which wluto lead i« prepomd ecmstets m mmag 
moBtiicot with woUfl will or augw of lead, and loavlni; tho mktar® exposed to air (ajad 
W-misiiig from Unm to time), eoatainhif cwboai© add, wMeh k absorbed from the 
8ttrfM« by the baai« i«ft formed. After r«|»ftl«d mkk^ (with the addition of vatw), 
lh« tftUre k converted into white lead, whidh w thna obtained very finely dJvidech 




attention to the intormodiato oxide, or ted lead, In the art* 

it is used in oonsidorablo quantitioa, booaoMi it iomm a vary durabb 
yollowiah-rod paint used for colouring the resins (siiollao, culophony, 
(fee.) composing sealing Wax. It s,\m formft a very go«l ob.mp oil 
paint, used espeeielly for painting metals, more particnilarly biH'auta 
drying oils— for instance, hemp seed, linseed oils— very quickly liry 
■vi^ith red lead and with lead salts. Red load li pr«|WHl by «Ughi!y 
heating massicot, for which purpose two-storied stoves are u»«l. In 
the lower story the lead is turned into mBAsicot. and in tho higher 
one, having tho lovvor tomporaturo (about JiQO"), the m»ucot Is trans* 
formed into rod load. I'^dray and others showotl tho instabiUty of nnl 
load prepared by various mothods, and its deoomjKMitkm by ftckl*, with 
formation of load dioxide, whloh is insoluble in soldi, and a solution 
of the salts of lead oxide. The artlfioial production (Byntbesla) of red 
lead by double decomposition was most Important, For this purj»c»e 
Frdray mixed an alkaline solution of potassiam j^amb&te, K^FhOj (pre- 
pared by dissolving the dioxide in fused potash),*^ ^ with an alkadino 
solution olf lead oxide. In this way a yellow predpltalt.of minium 
hydrate Is formed, whloh, wlmn slightly heated, loses water and feunw 
into bright rod anhydrous minium Pb304. 

Minium is the first and most ordinary moans of pnxiucing Imd 
dioadde, or plumbic anhydride, FbOj,»* boijauso when rtni Iwtd i* 

w U ift&a hyUroxWo bs dlsnolved in pobwb tvtid intdlam bjqxwHkwIte I** w!4«J to 
iha noltttlott, the oxygw* of tiie latter aota ©a lh« dl«i»olw4 |«rU*Uy 

e^hveite It lato dioxide, so that the so-ealled te«4 ss^cttkaUde 1« obWodl j jta ewpiflt sd 
JoTOulfc la l^Oj. Probably It Is dobing but » Wad «#lto'44». Is r<rf«rabte to o| 

dioxide of lead, or Its hydroxide, PhO(OH)«, la whbh two atone of hydr«fe« «» 
by lead, PbO(OaPb). Tlie brown eompound preeipitatol by ilm wUen *4 dllnto 
4or example, albrio—splits up, even at Um ordinary tomiwrator**, ioU* in».4wblB i»>«4 
dioxido and a aolutiem of a lead salt. Tliln' wtnjHmud ovoivos osygun when tl i* ln3»t«l. 
it dissolves In hydroohlorlo acid, forming a yeibtw Ibpiid, whleh e«nl*l!w »;««» 

. norqidB of the oompoaitlon PbOlj and I'bC-b, but even at U»« wnbtiaiyf tomiwatttfw tb» 
Tatter soon loses Urn esoes# of oblorine, and then only l««d ehlntlde, Pbtlj, r«nwiM». la 
'Order to see relation between red Idad and load swmaioxtd®, it «a«t b« obwrvpd lhft% 
they «dy diSw by m wtra caantlty of lead oxlde—lhat b,fdi lead k a bade »4l «ff tb# 
'preoeding owpon».d, and il- Uta eempmud Pb>|% my be r^purM m I*^Pb, tea r»d 
dwkd^'ghwd b« IwM cn m PbC^^i^bOM-tet 1% m Mo M plwstetot 

Wall obt^sd MtasAwM plumbala la the Wlowtef lawwr, Wm 1«in4 
^ da plMod In a sQvw omoible, oad a strmf aolution of pwet ««ntiQ poMb It mm 
ft, The mixtnre la heated and mall qnantt ties areiwofad bm Mm to Um tor Iwt^, 
whioh oonsiets in diasoMag In a mdl QUwtity of water and demHpcwitif te Midtwl 
. isolation wiUii nitrlo add. There is a oertatn momint during te btatlni when a 


cno equation : + ^tiiNUg •= ruu.j + 'Jt'b^JNUa)^ -i- illljU. The 

dioxide may also bo obtained by treating load hydroxide suspended in 
vfator with a stream of chlorine. Under those conditions tho chlorine 
takes up the hydrogen from Ihowater, and tho oxygon passes over to tho 
lead oxide. When a strong solution of load nitrate is decomposed by 
the electric current, the appearance of crystallino load dioxide is also 
observed upon tho positive polo ; it is also found in iiaturo in the form 
of a black crystalline substance having a specific gravity of 9*4. Whepi 
artificially produced it is a fine dark powder, resisting the action of 
acids, but nevertheless when treated with strong sulphuric acid it 
evolves oxygon and forms lead sulphate, and with hydrochloric acid it 
evolves chlmnno. Tho oxidising property of lead dioxide depends 
of course on th(\ facility of its transiliou into tho tnoro stable lead 
oxido, which ia easily understood from tho wholo history of load com- 
pounds. In tho pro.senco of alkalis it transforms chromium oxido into 
chromic acid, whilst lead chromate, lT)Cr 04 , is formed, remaining, how- 
ever, in solution, on account of its being soluble in caustic alkalis. The 
oxidising action of lead dioxide on sulpliurous anhydride is most strik- 
ing, at it immediately absorbs it, with formation of load sulphate. 


Pb0.j not mIiow tlu> proportiem of true pproxiiUiH, liko hydrnj^on or btu-iuin poroxidos, 
lint is endowed with iieid proportion- Uiu.1 ia, it in aliln to form true ttaltn with liaitea, 
which iti not tluiciwHo with truo pi'roxiiU'H. IjoikI dioxiilei Ih a uonnal bhU formiiif; com- 
pouu(totl«tw1,MlM.jOj in forhiBuiuth, CleO.j forcoriumjttiulTitOsfor U'Uoriuin, &o, llioyall 
evolve chlorina when trea-ted witli hytbocUbrio twicl, whilst true jnsroxidoB form hydrogen 
pwojdd®. The true lead porosM#, if it wero ohWned, would probably have the oomposl- 
Uon PbjjOft, or, in oombinatlon with peroxide of Ijydrogen, HaPbaOr-HgOa+PbaOji, 
judging from the peroxide* oorreBpondtog wjtli srdph^e, diromie, wid other iMjide, wlfidr 
we »lmll ttfterwardo oonsider. 

Ar d, proof of tho faet,’tliftt Uio form ThOa, or TbX^, in tlie highest nqrmol form of o^y 
oombinution of leiul, it ia most lmxwtrla.nt to remark that it might bo expeetod that tho 
uoUnu of lemd ohloridc, I’bCTj, on xiun-clhyl, ZnEtj, would roault in tho formation of 
xino cUloridc, SinCly, and Icad-oUiyl, I'bKt,., but Unit in rcidity tb'o reiusticm prowedw olhor- 
wiBo. IltiU Ilf Uni h'ftd iH not frnn, and lend tfln Uiyl, I'liMtj, ia fnrimid an a cnlourlcHu 
licpiid, boiling lit about 'itMr (HtiUcroft, I’rankliunl, llin-klim, Cabourn, and oUiitm), Tho 
tyjw I'bX^ Ih not «mly i>»iirci«tod in I'bKt,- and PbO-j, but alw) hi obtaiiiod by 

Bmuuer. 

Ammling U> Carmillny and Walkor, tliij hydralo (Plit).j)|,HaO {0 thon formed; it 
ioK»« water at attO"*, Tito anhydroiui dioxide ri'iuttimi undnutgod up to 880“, and Is Uiea 
oonvortwl into the w 8 quiosi<h',l*l» 3 f\, which again hwH oxygon at about 400®, and tern# 
»«1 load, PUgO^. K«d load al«i low# oxygen at about 880“, forming load odd®, PbO, 
which fuKua without change at about 000'*, and remains oonifcimt M ttx as the limit of 
obiwvationM made (alwut 800”). 

The best meUiwl for preparing pure load dinsida confiiat# fa mixing a hot solution of 
lead ehlorido with a solutitm of bleiching powder (Pehrman), 


dioxide. Tetrachloride of lead, PbCl4, belongs to the same class or^ 
lead compounds as PbOg. This chloride is formed by the action of 
strong hydrochloric acid upon PbOj, or, in the cold, by passing a stream 
of chlorine through water containing PbCl.^ in suspension. The resul- 
tant yellow solution gives off chlorine when heated. With a solution 
of sal ammoniac (Nicolukin, 1885) it gives a precipitate of a double 
salt, (NH4)2PbClg (very slightly soluble in a solution of sal ammoniac), 
which when treated with strong sulphuric acid (Friedrich, 1890) gives 
PbCb as a yellow liquid sp. gr. 3*18, which solidifies at — 18°, and when 
heated gives PbCla -f Clj. It is not acted upon by H2SO4 like SnCl4. 
Tetrafluoride of lead (Brauner) belongs to the same class of compounds, 
it easily forms double salts and decomposes with the evolution of 
fluorine (Chapter II., Note 49 bis). 

Amongst the elements of the second and third groups it was 
observed that the elements were more basic in the even than in the 
uneven series. It is sufficient to remember calcium, strontium, and 
barium in the even, and magnesium, zinc, and cadmium in the uneven 
series. In addition to this, in the even series, as the atomic weight 
increases, in the same type of oxidation the basic properties increase 
(the acid properties decrease) j for example, in the second group, calcium, 
strontium, barium. The same also appears in the fourth and all the 
following groups. In theT.even series of the fourth group titanium, 
zirconium, cerium, and thorium are found. All their highest oxides, 
RO2, even the lightest, titanic oxide, Ti02, have more highly developed 
basic properties than silica, SiOj, and in addition to this the basic 
properties are more distinctly seen in zirconium dioxide, ZrOj, than 
in titanic oxide, Ti02, although the acid property of combining with 
bases still remains. In the heaviest oxides, cerium dioxide, CeO.^, and 
thorium dioxide, Th02, no acid properties are observed, these being 
both purely basic oxides. In Chapter XVII. (Note 43) we already 
pointed out this higher oxide of cerium. As the above-mentioned 
elements aire father rare in nature, have but little practical applica- 
tion, and do not present any new forms of combination, it is un* 
advisable to dwell on them in this treatise. 

Titanium is found in nature in the form of its anhydride or oxide, 
TiOj, mixed with silicon in many minerals, but the oxide is also found 

w O'* Ole plvunbatea of Ca ondlother similar metals, mentioned in Chanter III. Ndta 7 

belong to the form PbX^. . . 



separately in the form of semi-metallic rutile (sp. gr. 4'2). Another 
titanic mineral is found as a mixture in other ores, known as titanic 
iron ore (in the Thuensky mountains of the southern Ural ; it is known 
as thuenite), FeTiO;,. This is a salt of ferrous oxide and titanic anhy- 
dride. It crystallises in the rhombohedric system, has a, metallic 
lustre, grey colour, sp. gr. 4‘5. The third mineral in which titanium is 
found in considerable quantities in nature is sphene or titanite, CaTiSiOr, 
= CaOjSiOajTiOj, sp. gr„ 3 ‘5, colour yellow, green, or the like, crystal- 
lises in tablets. The fourth, but rare, titanic mineral is perojfskiie, 
calcium titanate, CaTi 03 ; it forms blackish-grey or brown cubic 
crystals, sp. gr. 4*02, and occurs in the Ural and other localities. It 
may be prepared artificially by fusing sphene in an atmosphere of water 
vapour and carbonic anhydride. At the end of the last century Klap- 
roth showed the distinction between titanic compounds and all others 
then known.” 

5’’ The compounds of titanium are generally obtained from rutile ; the finely-ground 
'ore is fused with a considerable amount of acid potaa,sium sulphate, until the titanic 
anhydride, as a feeble base, passes into solution. After cooling, the resultant mass is 
ground up, dissolved in cold water, and treated with ammonium hydrosulphide ; a black 
precipitate then separates out from the solution. This precipitate contains TiOj (as 
hydrate) and various metallic sulphides — for example, iron sulphide. It is first washed 
with water and then with a solution of sulphurous anhydride until it becomes colourless. 
This is due to the iron sulphide contained in the precipitate', and rendering it black, being 
converted into dithionate by the action of the sulphurous acid. The titanic acid left behind 
is nearly pure. The considerable volatility of titanium chloride may also he taken advan • 
tage of in preparing the compounds of titanium from rutile( It is formed by heating a 
mixture of rutile and charcoal in dry chlorine ; the distillate then contains titanium chlo- 
ride, TiCb, It may be easily purified, owing to its having a constant boiling point of 136° 
Its specific gravity is 1'76 ; It is a colourless liquid, which fumes in the air, and is perfectly 
soluble in water if it bo "not heated. When hot water acts on titanic chloride, a large 
proportion of titanic acid separates out from the solution and passes into metatitonio acid. 
A similar decolnposition of acid solutions of titanic acid is accomplished whenever they 
are heated, and especially in the presence of sulphuric acid, just as with metastannic 
acid, which titanic acid resembles in many respects. On igniting the titanic acid a 
colourless powder of the anhydride, TiOj, is obtained. In this form it is no longer soluble 
in acids dr alkalis, and only fuses in the oxy-hydrogen flame ; but, like silica, it dissolves 
when fused with alkalis and their carbonates; as already mentioned, it dissolves when 
fused with a considerable excess of acid potassium sulphate — that is, it then reacts as a 
feeble base. This shows the basic character of titanic anliydride; it has at once, although 
feebly developed, both basic and acid properties. The fused mass, obtained from titanic 
anhydride and alkali when treated with water, parts with its alkali, and a residue is obtained 
of a sparingly-soluhle poly-titanate, K 2 Ti 03 wTi 02 . The hydrate, which is precipitated by 
ammonia from the solutions obtained by the fusion of TiOj with acid potassium sulphate, 
when dried forms an amorphous mass of the composition Ti(OH) 4 . But it loses water over 
eulphurio acid, gradually passing info a hydrate of the composition TiO(OH)j, and when 

if. rtnrfo wifli a cHll IftTCfAr mftnnrt.mn wn.tftr: n,i; tVifi ^vf1rn.f.A Ti^n.rnTTS-. ta 


atnmfn\!ii) of diw^lvltig In ftcului th« nmiro m wnot* niltm Awa toii nhitw ihia jifnfH’rtf. 
In this prf 5 H>rty a twowtion litsiw«4»n lh» vaav* «>( »»»««»«»> 

(hiMWJfll <m fi ottiHioily for im»»Uililo fiotnlijimtiim} »uul llw mm <>( ilis* tif ^ 

hydroeol (the ioluliUHy of p'rmiminm O*>0^, fwirhs.iw isrwswnia aouilwr mafk 

iaatooe). If iitoninm eWorid# b« a*W«d drop t»y dnip lo dil»si«» »4ttH*sn i4 b.Iw*H*4 
and hydrogen p«roxi^, wad th« ammonift ha k» iho rusnital »fc4sin.>tt, « yi>U'»w 
pr«{dplteti«i of trfmdds, ‘nO^lgO, (w^tamtea oat, a* PteaiHS, W»Her, mul Ctaasan 

diowed. Thla Bnhfiteaw appwiwtiy Woap to &» ml^iwy «t ferns jwrtaihite#. 

Tftaaiam dderlde ahttwha ajEwaenla and ha-m# a wwipawd, m » r««!- 

bwplpirdw wWah alteiwta ffidutara fma the air and wh« ^ailsd t*mm tUantum 
wtWda^Jl^ 4 , J?ltotpbtt*«tt«d bydr««im, hytlsroaf *sJ« add, and »«f iiwiter 
are adM abwbed by Utaaiam aWwIdo, with lha wolathm of a ec«dtl«fWbt» wwawit «d 
baafe' Thn«, to ©tampk, a ydkw erystoJUna immto of tha TiCJlj.tllf'N 

{b obklnod by pwalng dry hydnwywilo aoJd vajtMjr tnfei «iM titonium ohlori*!#. 
!PHiaiium ohlorido aanibiBsg in a iditiito nmnnw wtlln oyatu^on «h!>*ri<!B, jtlMw|dn»r*« 
jpftntftchloride, and photplKiras ojtydUaridd, ftatning rtw»Wul«r oi»m|»*»utnb, fur Btaitipjs 
TiCli,3P0Glg. Tbla fwaily to fnrltor mnnWimMon pwhaMy »ian«k In ronnt»w«sfi, tm 
the one hand, with the on^^ly of Utoiiaw twid# to gt¥« pdyUl*»»to«,T»tlCMf»|,.»»T40| 5 
on the head, It eosnto^paade with the kindar^d fasidty *rf stoanlle ehl«W* to ito 
fatmetttm d! po3f»eMftpoic«de (Koto 41), and !«% It l« ir«bW to i{» r*««rk- 

aUe hdieidMr d Mtoatoa towMde nllrofm.. MetoDle MtaniaeMi m a trr»y 

powdwby iteAwto|pqto»dwU»e^ KaW*, {^. f^. t-M S. R«tow l»i), wtth 
toon Itk a ehaxomd ereieOde, e(»xibte<^ dimity wl& nitoopa id a r*t hM4 If Mtonto 
nidaydride be ignited to a eteewa of wawntmia, all tl» «tygi» of litonie wd4« to 
dlMngaged, and tbe eooenponnd TiHg {• formod m a dark eldai ttn)wkn««< Having a 
red luetre. A eomponnd TigNe Se aleo known; it i« obtained lij igniting thm ntmjHntnd 
TigN^ to a atream of hydrogen, and i« of a fttld«n*y«Uc»w wloer with a rortatto !»■!«». 
To this order of eomponndii alto briongrt the waU-knowp ami cliomirally hi«lwrtMj 
domptmnd known aa WtonfMW ndiw«ymi<k\ ito (Wrop«»il}oB it Ti*CH^. Thl« atitwtew# 
appeart a» totoelble, tomettoaet wed-towsd, enbkel erystel* of tp. gr. 4’8, an4 hating «. 
red oopper edonr and Daetadlle Inatre ; it i« fomd in bkal tmm» tl ia i8«4tthto 
in neifU bnt i» anted on by dtlortoe at a red ton^f tttanimm e)£srli«, It »m »t 
drofe regarded u metadle Utanlnm; it k fwmod to Ute MmI touM th« OTf«M (4 
thoae ^ywoopn ompmroda (potaedttm cyanide and o^tore) wUA uw fdmpi ptiMl, 
and at the wpenee of the titeniffim ocffiaixmndii wHMi amtopey Ae OM ef Im. 
WUhler, who IttTOttigatod thtoeompimd, obtained It arttfidatty by h«tlnt a Bii*l»r» irf 
titanio osdde with a waaU qnwaM^ of ebarooal, to a efermw af nllrnfsM, wnl ihm 
proved iHe dirteet power to eomblnaUon bettriwB nitrefisfi mA tltatom. When ftt»a4 
with oanttio potatb, all the nitrogen otwnpooadi of tStottiwaa ewdf* awl fi*» 

ptakalnm titanato. Like metala they are able to rednoe mwif o»id#»«-fer 
oxides of oopp«r-at a rod heat. Atn.ong alloyt of tltoni«», {,b« mjMOim 
Al^Ti it remarkable. It i« obtained by dirtiotiiy diwdltini ytanlnm to fM«d Mr Bptoiwni ; 
lto-«p«dfle graTily it B-Il. The cryrtals are t«y etobto, and a« wdy wdnhla la 
idiHJife. 


tho same way tha-t silicon is prepared ; ifc forms a crystiilline poovder, 
similar in appoarancer to graphite and antimony, but having a verycon- 
sidorablo harcflioss, not much lustuo, ^p. gf. d-lS. In many respects it 
I’oaomblos silicon ; it docs not fuse when hcatod, and even oxidises with 
difficulty, but liberates hydrogen when fused with potash. When fused 
with silica it liberates silicon. With carbon in tho electrical furnace it 
forms ZrOa, with hydrogen it gives ZrHj (like CaHj, Winkler, Vol. I., 
p. 621 ) ; hydrochloric and nitric acids act feebly on it, but aqua regia 

*8 Tlio fonnulii ZrO was first givon to tlio oxitlo of Kiroonlum as a base, in this oaso 
Zr » ■fS whilst tho prosont atomic weight is Zr 00 — that ja, tho formula of tho oxide is 
now rocoguisod as being ZrO^, The voasous for ascribing this formula to tho compounds 
of zirconium aro as follows. lu the first place, tho investigation of tho crystalline forms 
of tho zireonofluoridos — for oxivmplo, KjZrPj, MgZrFgirilljO — wliieh ^irovod to bo 
auivlogous in compositioti and crystallino form with tho'eorrospouding compounds of 
titanium, tin, and siliooii. In tho second place, tho speciflo heat of Zv i« O'OOV, which 
corresponds with tho combining weight 00. Tho third and most important reason lot 
doubling tlio combining weight of zirconium was given by Dovillo’s dolorminalian of the 
vapour density of xirconium chlorida, ZrClj. This subslaneo is obtained by igniting 
zirconium oxido mixed with charcoal In a stream of dry cWorino, and is a colourless, 
saline subsUnoo wliioh lu easily voIatUo at ,440° Its density referred to air was found to 
bo 8'15, that is 117 in relation to hydrogen, as it sliould be according to tho molecular 
formula of this aubatauce abovo-oitod. It exhibits, however, In many respoots, a sallno 
character ami that of an acid ehloranhydrido, for zirconium oxido Itself presents very 
feebly developed acid properties but clearly marked basio proportion,. Tlius zirconium 
clilorido disHcilvus in wator, and on ovapomtion tho eolntion only partially disengag^ 
hydnichhirie acid — ri'Meinbling magnesium clilorido, for oxamplo. Zirconium was disl 
oovered and charaetorisod as uu individual olcmont by Klaproth. 

Pure tompouuda of zirconium aro generally prepared from zircon, which la finely 
ground, but ai It iu very hard it Is first heated and thrown into cold water, by which 
means .ft is dislntegralod. Zircon is deoomposed or dissolvod when fused with aoid 
potassium sulphate, or still more oaelly when fused with acid potaesium fiuortde 
(a double foluble salt, KaZrFs, la then formed) ; however, zlroenium compounds ore 
goncrally prepared from powdered zircon by fusing it with sodium carbonate 
and Iheti boiling In water An insoluble wUito residuo le obtained oonalsting of a 
oonipound of tho oxides of sodium and zirconium, wWch ia then treated with hydro* 
clilorio aoid and tho aolulinn evaporated to drynoss. The silica is thus converted 
into an iioiolnblii form, and zirconium clilorido oblainod in eolution. Ammonia pro- 
Cipitivtivi eimniiiiiH fij/dnixitle from thin wilution, an a whilo gchitinouu prucipilalo, 
ZrO(t)n)j. Whim Ignited this hydroxido loses water ond in doing nndergooB a spon- 
tanoouw reeah'semico and leaves a while bifusiblo and oxe.oodingly hard iimsM of eirconium 
oxide, ZrOj), having a speciflo gravity of 5'4 (in tho electrical funiaco ZrOj fuses and 
volatlitaos like fliOj, Molsmri). Owing to Its infusibility, zirconium oxide i# used as a 
eubstltute for lime and magnesia fn tho Drummond bgUt, This oxide, in oontradisUae- 
tion to titanium oxido, ia soluhle, oven after prolonged ignition, in hot strong sulphturio 
acid. The hydroxide Is easily soluble In acids, Tho eon^pesition of tlw salta is ZrX 4 , or 
ZrOXy, or ZrOXj.ZrOj, just as with Ihone of its analogue#. But although zlroonlum 
oxide forms mUs in Uie same way with acid#, it also ^ves salts with bows. Thus it 
Uberatw earbomo anhydride wh«n fused with sodium oarbonati, forming the salts 
gir(NaO)a, ZrO(NaO)s, &o. Water, bewevtr, destroy* these ©alts and extru^its tlio soda. 



®® Tlwrium hw aliut Uwn fmtml in Utettmtn e( «iW« In aerWn 

ftiul ntlirr vurp mitti*mln rxnUtning t*f rtu»tn«m wrf TIta 

ciflni);H,t«n(l« nf tlmsium uvf* }<r<>ti«rwl Itj Uwmki r»f orAttfeit*’ 

suliihuriti tu'iil lit Itsi l>(iiling jHiftit ; thia f«-*iilrr4 thn inMunlutiU’, w»4 lijrf Ihonwm 
oxides isRB«s» inUi noluliisii whoii tlio nsaielup m |.r««ttril with citUl waltsr, after kaunp 
pro^ionriy lioiltH) with water (bniUtig wak4r eWa nol ih«»t4vi» tlj» »f th<»»4ttHi|. 
IiOftd and ollw Impnrili#* «« by imtphttjppll»«l hyelrtiafH tlsn>Mifh th«i 

9olntlc», w»tl the tliwlow bydjmsWLe !» then prsocipitatwl by wumtwtia, ti ti»i» li|4t«inl*s 
l» dissolved In th« maU«#t ptwdttosmtmnt of h^^rooMof'te Mkhftwl os*li« ark! Iw tWa 
tiddod, ytoriwn cmkte It ohtidnod m a irhitM pr««lpltetot whklt b teaultthb in an omosa 
of 04(^6 fusid ; tida WMHoa b lahoe adtmlagn of tm lM« iMtai firoto mmy 

otlwffc Itiliewow, tb« owlte m*tak XVIJ^ Mote 4iJ In a»4 

Bpnay «ttt» wspMfe Tbfl feoriwa hydroxWo to it l«tv» an 

Ittfnsihk o*id®, ThO^, which, when with cryateto of tho mm^ far» m 

RtMjnlo oxWo orUtanlo nnhydrldo; »ji. ^r. O'hfl. ll«t Uw l»a«sici |iroi»*>rlt»a ar« iwiich jtutro 
developed iu tliorioni oxide ijian in tho pnHiodiiiK uXji*h'«, tool it it.>t oven ili»>'n|,:%|« 
OftrlKsnio ftoiil whan fuRod wdUi seKliuw oarhesHate' Unit i», it )» a im»< l» nt»si'«i piipf^elw 
baai) iJiwi Mhrcorifuta oxide. Tho hyilrate, Tht>}, biwoipr, to asdnldf ii» a gt 

NftaOOj (Ohaptes XVIL, Note 48). TltoriHB* ohlnriite, Tht;i|, i» aw a »ii®Unot!jf 

wyntolUn® uubUoMfi whtm ihorittm oxidn, wised with ehiiwoal, i« luoihwl »« a t4 

itjr ohlwin«t 'Whed heated with poiwtsittm, thocinm cbiottib gives a m«t4lw powder e^ 
(hotitutihArVl&f a sp. gr. itVJh It bwrna in air, and to bnt «ii%hliy toltihte in dilnte nchl«. 
The «.t«ttieww{(^t of thfi«ton^ <»«» Mtehltohod by O^diaadiMi and IktofimteiM on ihn 
basto of the toat^hditm of libe doobto dnoridee. 



CHAPTER XIX 

PHOfilPHOBXJB AND THB OTHBR BLBMENT8 OP THB PIPTB GROUP 

jJffiTROGBN is tho lightOBt and most widely distributed represeutativo of 
the elements o£ tho fifth group, wKioh form a higher saline oxide of tho 
form RaOfl, uud a hydrog<jn compound of tho form BII 3 . Phosphorus, 
arsenic, bismuth, and- antimony belong to tho unovon sorios of -this 
group. Pho8p/wrua is tho most widely distributed of thoso olomonts. 
Thoro is hardly any mineral aubstonoo composing the tp-oss of tho 
earth’s crust wlxioh docs not contain some— it may bo a small— amount 
of phosphcirus compounds in tho form of the salts of phosphoric acid, 
Tho soil and earthy substanoos in general usually contain from one to 
ten parts of phosphorio acid in 10,000 parts. This amount, which 
appears so sma'U, has, however, a very important signiflcanoo in nature. 
No plant can attain its natural growth if it bo planted in an artiflcit^ 
soil oomplotely froo from phosphoric acid. Plants equally roquiro tho 
prosonoo of potash, magnesia, limo, and forrio oxido, among basic, and 
of oorbonio, sulphuric, nitric, and phosphoric anhydrides, among acid 
oxides. In order to increase tho fertility of a more or less poor soil, 
the abovo>named nutritive elements are introduced into it by means 
fertilisers, Direct experiraent has proved that these substances are 
undoubtedly necessary to plants, but that they must be all present 
sitnultanoously and in small quontitios, and that an excess, like on 



these substances arc ouimilated in many instances in large quanritl^ 
Thus the chief oomponont part of bones is oalclum phosphate, 

And it is on this that titieir hardness depends.* 


I l>ry bonus oonttUn about cn«>iMrd of gdaUaoui mailer and aboui two-tbMs of 
Mhi ftbbfly oflJoium plvoapbais. Tho uJiia of phosphorio aeUI aro Also found in tho mass 
cl fhs earth m Nparato mintrtdoi for cxampio, tbs (^Hk$ contain this s«dt In a 


pointed out the methwl which in now errsplayiHi for tho oxtractirm tit 
this olonient. Calcium pht»ph»to in k>ni»* perniwtea m jiilrogerwiw 
organio ffabsti-nw, which ia mlleci «iiin, tiui fr»rn» o goktiiu 
*Wh«Qi hODiM art ttmtod ftxelush-oly for th© e*i»etioti of phtwphorus, 
neglecting th6 gekdn, they nrti burnt, in which all tho woln la 
burnt away. When, however, it is (hwimi to pw»rvo ilio gfdatist, IImj 
bones aro immenitti in oohl dduto hydnxjhltirio acid, which 
the c-alciuw phoaplmto and lravc« Um goktin untouehed ; cahnutn 
hhlorido and (vcid Oikium phmph&to, 0 a.H 4 (P 04 )|, are tl»n obtalniHl In 
the »luyon. When the bonia lure directly burnt in an «»p#n fire their 
calaeraJ oomponink only are left m an an»t«4id»g «bo«i tO pi>r 
ofint, oaldum phoi^te, misid with a im»ll amonnt. of 

ofdolum Mrbomati luud other n.ltlu Ih.ii maw It trmtod with rajphnrlo 
add, fyud then the same suhtUnofi !« obtained in the mlttlon m «w 
obtained from the unhum t hone® immemd in hydroohlorie aeid— 1«, tl» 
acid calcium phmphate soluble in water, in which reattihm naturally 
the chief port of the sulphuric acid i« converted into calriuru sulphate : 

Caa(P04)3 + yH3HCh « ‘dCaHth + t*andPi h)r 

Ca8(FO,)a + 4HCI « SCaCl* + CalidPi> 4 H‘ 

On eraporatlni the iolution, oryBtatliia'bie add t^ium phesphat# 
is obtain^ The ihctxeoMon ^ ^e phmq^tomi from thii «dt eon> 
eistia in hmt^ M teM eharmtl h a wh^ hm. Wh« b»l^, th« 
add phc«phat^ first parts with waiter, and fwai th# 

metaphwphate, Ca(F03)s, wWch for the sake of simplicity tt»y t>t 
regarded, Hk© the add salt, as oomp<ml of pyrophmp^to and ph«* 
phorio anhydride, 20 a(P 0 g)s » C^PsOj+FgOj. The latter, #lth 
charcoal, gives phosphorus and earhonlo mdd®, F9O4 + 60 «■ 1 % + BGX 

BmW 0X01, la a slate of iewBaorpheus rnktewi. wiftweJ rttoa eif #««■#* 

la fi»^e*ef0«#l prtsm# j «p, gx, 8'!^ to S'Sa, VMeafle l» a tepww pbotflt*,!#, 

S^eipbetee of tsepper »#« feeqaeaHy foaad to ^pr mim.} M m»m^ 
tagUlU, ito|(^O4)9,CN»(0Hh,SSHtO, wad afaratofoitt test tbm «• 

aeaxly nil iaedlable to we.ter< The Inrqadiwi, for laatoaee, to hy&altA 
(AlsOsl^^sOjBHaO, eoleured with a ol oeiifM*. S«* «to ^bw dwaya wwteia 
a auaU wnwret of phosphate#. The wJa of wdi M of S«»i<pto»l*. alw*f* 

osteins phoaphatea, Depodte of edoSttm ph^phate wre ofl«B ml with 5 nii terturf 
pho^koriim ttiidi axieolUm, wad wre oompo«#d of dw fe^l wiMitw rf Uto of 

they axfl aaed for tnawnre. Of the •««§ nature wt tii« »<#lWi gmm 
BeWn Wand, and enttos «tmU in 8i»Jn, Ffwftes, and to Ibe CWMf 

ICtteeh to Eaetk. It i» evident Uial if a eeil deettoed for eaWfatiaft iw&tA mn 
ptti mM, the ferliltoatkin by means of di«# minmis »IU h« b«n*icl«L 


Aftor ^ho aU'ani hw Cdiiui over, iihnhjihorus and earlwnic? oxide clirdll 
over from the retort ami caUdmu jiyroplu'jJij'ludo ss nuusui Hidiiml.* ‘i” 

As X>l»osjphorus nmlta at aUiut 40'*, it cemdeinH-n at thn uf 

tho receiver in a nioltisn liquid nniRa, whith is cmi untlrr \vat«T in 
tubofl, autl is »old in th« form of uticki. Tltb k wanmon or 
plmptm'M. It ii ft tmniparont, yellowliil}, wa*j wirfclt u 

not brittle, almost insoluble In water, and ©saIIj diftago in 

its external apfjearanod and properties under tbe artion of llglif, bcftfe, 
and of various substances. It orystftlliws (bj sublimation or fnim il# 
solution in carlmn bisulphide) iu tho regular ayBtom, ami ^ (in cjontm- 
diatinetion to tho othor variotioa) i« imily wilublo iu rarUm biwdjdiidn 
and also {vartially in other oily liquida. In this it rrealln t 


1 hh By HntiJw’finiJ Ulo Uin »4 lastjiJiwi/i nr &, »4 

(t (s |>o«il4e to tibbdn a ffWih uu«aiiiy i»l dm mkl m};. ?«.>« siw (nutl in i!»»# 

maaaer to eatriMrl «U Uto It i« uswU t«» dais# baral tai is«tK>sdi 

phospHcaileft, apitilea may aJst« tw «9afk<f»4l m «Ji«> *». 

traoUou of Zta extuwjtkia for Uw 


and in in Uro Umia, kt thn C)(iv«rtim«nt of 

Perm, it Itas atuinwl anrh j:»r«*j«.rte'M«i iJwi lj»» 

diatriot i« able m smpj'b «‘lbor w>u«ilric« vrslh 

pHonia. A gr«<(it many nn'ih.ds Itavc U>«-n |.r-j»,.a.4 
for fiMnlitaliiiK llte t ^lra. i)<<n nf pit- sjJi 'ni^. but 
none of Uirm from u>o uoiia) 

lieenaa# llie pmWem (a m* Us^ 

of jiheqdtode arid fry tiw wa»*»n of actda, ami os II# 
ultlmat# r«A(ieU«n ^ ^mmX. TIiim mldm 
phosriiats may b« «l*i4 41ip»sd|' »|.th felMjr«>al ##4 
eand, and jpb©^ik«rB« witt 1Ni Jfitsmted m hmmg 
th© mijttare, b»tt« th« aUieik llw 

plwtflo anhydrid#, wWeti givpt rarWrte *«rid*i arid 
tdiospboma with dw cWriiiyl. It bw #!•>» t««« 
projKtwtd to {was hyslnwhlurH’ B»'*d t»vt-T «» Oir-aw' 



|hW. W mi { 

IS’il/'i r : r>fS-afeS'i 



^ the p««n» |»fs4»ict* la n«MB* a t*|| $4 •*§«. W** rtti* *»»«• 

tti§ omimm rf»w» In !«, m im fiaijaJif «t»|4*.y»4. 

» V«M* (IW) «d««F»i «»** of^iwwf ft4W| |f w fc# 

mell^ ftjftd fe« te » IM » !#• * *« 

pOBiiWa, it flwsi awftolf wfetefc »«ii# t* fifc# 

^ p. at IM i» Iftiti «| I*", m tr^^r# 

te Ik* ^ to to Ifca 

bOlWtMa mA »« « 


Bulpliur. Its epodlio gravity li 1*84. It fuse# at 44®* and p&mm into 
vapour at 290® ; it Is ewily inflammabK and must tberefore b© 
handled with great caution j carelosi rubbing is enough to cauw phc». 
phofua to ignite. Iti application in tho raanufiwturo of aiatchefi is 
baaed on this,*^ It wits light in tht air owing U» it* slow » osida* 
tion* and is thtrofore k®pt under water (moh water w phoaphwrcscaat 
in the dark, like phosphorus itself). It ia also very «iily oxidiied by 
various oxldWrig agents and takt^ up the oxygen froa» many tub* 
atancM,*^ Phosphorus onteri into direct ootebimtion with many 
metals and with sulphur* ohlorino, &o., with devalopmont of a c«a» 
eldorablo amount of boat. It i« very |>o»onou8 although not lolubli in 
water. 

Besides this, there Is a red variety of pboephorus* which tli&rs con- 
idderably from the above, JSsef ph^sph^rm wrongty ©idled 

amorpAou# pJmphmu) U parUoUy formed when ordinary photpharus 

aoeotj^»a to Hm Xrinji (aa Euapdon sMeat), tb» ftnt 

te»r« ntA^e Un Austdft ai works b ISSA 

Tbs nbHorptioa of tba oxypn of Uw okooopbwo at a ooastMt o«4bary tmpMlm 
by a largo sorfftoa of itlxoopbortjs pnioood# bo mlformly, r^gnlorly, ft«4 rft|4»lly, Ibol fl 
may sorve, oo Ikodo (Toklo, 1808) hft* «bown, for domanolrotiitg Uso J«w of Um» voWity 
(rata) of raaeUon, wbleb l« oonftldaml in thowoUe*! ekwaistry, and UmiI tbs ml# 

of raaotlott is proportional to Ui« aoUra isaM of a sab«ti««»»-f s. rf# wlww 

f ia tba Uffift, A tb« lalUed toaaa of tbs raaeUng BaWtanofr-'ln . this mm 
tbs amount of U wblob baa vntorod Into moUtmt and it tba ooafb^tmt rd pr«fa»rMacwl%. 
IQcada took a toabtobo tdiatnetoar about IS mm,)* and oomad ita Mdwr RriM« «ftb a 
coating of pbo^^tsras (by nuddng it to a t^t'toba of Uuf» dtenMar, toMrUng 
smaEw toBt4ob«* a&d*i(4m tb« pbnupbonui bad loUdiftadtbMaktof awa^^ Mttar ti^ 
toba), and totoodtload It into a definito volnm«< of air* mtato^ to a WMdi^a bellto 
(Immmod to awator Itoth to matotato a oonatant tomporatora), «m ol wbwi wIlM 
was oomootod with a mmory^nanomotor ahowlof ton fad of ». 

that the initial pto»aar« of the oxygen (in eir nearly 780 n ’OSM) wm atwot IftS wm - A, 
tho oool^oiont of ths rato of motion k ie gimt, by Ui« law of Iho variation r>t IH* rato tMf 

roaetioa wito the maiw of Uia roaottog BabaUae*, by the eqaatom ; ^ ^ 1*^ 

H !a tbo time, ootmtoag from the oommonoefnent, of the experitMit to WhM 

theeortooaof toe pho^dtoroe wm about U fidtowtog mwll*. wwa Mwlif 
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converted uito red pnosphorus. Schrotter, in Vienna, investigated this 
variety of phosph’orus,.and pointed out by what methods it may be 
produced in considerable quantities. Red phosphorus is a powdery red- 
brown opaque substance of specific gravity 2-14. It does not combine 
so energetically with oxygen and other substances as yellow phosphorus, 
and evolves less heat in combining with tliem.'* Common phosphdrus 
easily oxidises in the air ; red phosphorus does not oxidise at all ait the 
ordinary temperature j hence it does not phosphoresce in the air, and 
may be very conveniently kept in theform of powder. It does not, like 
yellow phosphorus, fuse at 44° After being converted into vapour at 

The thenTiodiemicol determinations for phosphorus and its compounds date from 
the last century, when Lavoisier and Laplace burnt phosphorus in oxygen in an ice 
calorimeter. Andrews, Despretz, Pavre, and others have studied the same subject. The 
most accurate and complete data are due to Thomsen. To determine the’ heat of 
combustion of yellow phosphorus, Thomseu oxidised it in a calorimeter withio.dio acid in 
the presence of water, and a mixtiu'e of pho^horous and phosphoric acids was thus 
formed (was not any hypophosphoric acid formed ?— SaJzer), and the iodio acid converted 
into liydriodio acid. It was first necessary to introduce two corrections into the oalori* 
metric result obtained, one for the oxidation of -the phosphorous into phosphoric acid, 
knowing their relative amounts by analysis, and the other for the deoxidation of the 
iodic acid. The result then obtained expresses the conversion of phosphorous into 
hydrated phosphoric acid. This must be corrected for the heat of solution of the hydrate 
in water, and for the heat of combination of the anhydride with water, before we coa 
obtain the heat evolved in the reaction of with Os in the proportion for the formation 
of PaOs. It is natural that with so complex a method there is a possibility of many 
Btnall errors, and the resultant figures will only present a certain degree of accuracy 
after repeated corrections by various methods. Of such a kind ore the foUowing figures 
determined by Thomsen, which we express in thousands of calories ;—P2 + 05 = 870 ; 
Pj + O5 H- 8H2O ■= 400 ; P3 + O5 + a mass of water =405. Hence we see that P2O5 + 8H3O 
= 80; 2PH5O4+ an excess of water =5. Experiment further showed that crystalhsed 
PH5O4, in dissolving in water, evolves 2*7 thousand calories, and that fused (89°) PHSO4 
evolves 6'2 tliousand calories, whence the heat of fusion of H5P04=2'5 thousand calories. 
For phosphorous acid, H3PO3, Thomsen obtained Pj + Oj + S^aO = 260, and the solution of 
crystalhsed H5PO3 in water = — 0‘18, and of fused H5p03= +2’9. For hypophosphoroua 
acid, HsPOa, the heats of solution ore nearly the same (--0'J7 and +2T), and the heat 
of formation P2 + 0 + 8H20 = 76 ; h^nce its conversion into 2H5PO3 evolves 17.6 thousand 
calories, and the conversion of 2H3PO3 into 2H3P04<= 150 thousand calories. For the 
sake of comparison we will take the combination of clilorine with phosphorus, also 
ocooi’ding to Thomsen, per 2 atoms of phosphorus, P3+8Cl2=161,Pa+6Cl2=210thousand 
calories. In their reaction on an excess of water (with the formation of a solution), 
2PCl5=180, 2PCl5 = 247, and 2POCl5=142 thousand calories. 

Besides wliich we will cite the following data g^iven by various observers . heat ol 
fusion for P (that is, for 81 parts of phosphorus by weight) — 0'16 thousand calories; the 
conversion of yellow into red phosphorus for P, from + 19 to 27 thousand calories! 
P + H3 = 4‘8, HI + PH3 = 24, PH3 + HBr=22 thousand calories. 

At tlie ordinary temperature (20° C.) phosphorus is not oxidised by pure oxygenj 
oxidation only tlikes place with a slight rise of temperature, or the dilution of the oxygea 
with other gases (especially nitrogen or hydrogen), or a decrease of pressure. 



290® or 300’, ife agaia pa»o* into tho ordinary variety whwi tfowly 
cooled. Eod phosphorus Is not soluble in ciwrbon bwulphidn and othw* 
oily liquids, which permits of its being freed from any admixture of the 
ordinary phosphorus. It is not pobonous, and ia used in many oaatf for 
which tho ordinary phosphorus ii unsuitabl® or dangerous ; for exampk, 
in tb© mMmfaotrrre ol matohts, which are then not poi»onous or Ifl” 
flamwablo by aocfdsntal friction, and tberefori the «h 1 variety hw now 
repkoed the ordinary phosphorus.^ 

The heads of tho ‘ safety * mafeches do not ©ontain any phMphomf, 
hut only substances capable of burning ami of supijortlng o««bus- 
tion, Bod plipspliorus is «pr«ul over a aarfaco on tha box, and it 
is thq, friction against this phoiphoru# which ignitw tho matoh*. 
There is no danger of the matchis tahing fire aocldentaUy, nor am 
tliey {►okonous,'* Thli red phosphorus k prtjuimd by hw^ting tho 
ordlikiy phosphorus at 230® to 270® j it la evident that this muit 
,be done In an atmaiphere In^pable of eupporting eombu»tion-» 
for example, In nltmgen, oarbonlo anhydride, Bteam, On a 

4t>a Or^nary phosplieraa lukw fire el a tempirtutBr* (60®) wWoU »o olber kmmti 
knbativnoB will born. Il« npi4ieAUan to Ihe stwntUfW)toro nf >nnt«b»« U bita«d cm iMt 
prolwrty. In ordBr to iUoatmto Ibo may liifln«»mabilily e4 eommoa {y»lU*w) ^hcmptoiwi, 
iU ttoluUcm in ewlwn blsnlphitlB may bo ponrad oi^eir tbia 8aiv«il 

evapontoB, And tbo tir«B phospbortta spmd over » Iwcgo enrtscw fim 

eoMtb«tt(todlng the ciooUn^ etfeet p^UMd by the evnporalkMa oi lh« bM^ld«, 
iD«J(Hrity ot jpito#f»jt«rut tnatei^ lure ompessd ol m&mm pbaopborM mbtod with mm 
oxidising irabBtoaoe wHkh ^ly gim up cnypn, «»«h »s ImuI dkodda. p 0 l><iMitim 
oUomto, nitre, dto. ?or thb purpoiMt eommon phosj^tocw )« ominhy kitmtod w»d«f 
wium wstot oontidnlng s JltUe gam | lend dlodde end ipotMiiuo nita^ am sddMI 
to the reenltent emolkioni end l^e metoh ende, previoaiiiy mtod wito m pmte, 

are dipped into thla preparation. After tole the matohee ere dipped into a ednUte 
of gam and elieUw, fn order to prteerve the phwphome Orcftn the aeUtm *4 the abr. 
When #adb a matoh containing partielee of yellow phoephoru# !e rolibwi «n«r a ronglk 
Burfaee, It bwomes (»p«eWly »t Urn point of rupluro (4 llw* britik gummy wWsf ) 
BllghUy Imtod, and thie ie enfflelent to cane# the pfawi^bonis to t«h« tw and bam ol 
the «xpa}»e of the oxygen of the other IngredienU. 

t k the eo-oidded ‘ eofety ' or BwedWi matobe# (wWeh art wd pofewnow, wddw i«»l 
-fire trwn omental frletloB) a isdatam of rod jj^boapbaria and id** 
enrtoM Oft which th# matohee art K«ro<^,a»d Um matohM thuu^tMionol Mtoto uty 
at lOh bat a mtsm* d cntiwonloM S]»t% (w eMkr en»> 

basils ehbiihmce*) and potacelnm cbJorato («r otow oxldiainf afnle). Tte Mm* 
burtlow, when enot itarted by contact with toe rtd photphww.#, by ttewM 

at to® eiipento d, toe toflammatory and CM&beetible elM^to ««ctol««d fa llto Up d to# 
match. The mfattare ap^ed on the »ateh itself asaet not be liable to tofci ttw hem a Wtew 
ox friction. The mlxtcufe forming tfw heoda of toe ' safely ' mafcdbw ha* (to* Wfewfaf 
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large scale, ordinary phosphorus is placed in closed iron vessels,'’ wa and 
immorsed in a bath of diflfbrcnt proportions of tin and load, by which 
means tho tomporaturo of 260 * necessary for the conversion is easily 
attained. It is kept nbtliis tomporaturo for some time. Tho tempera- 
ture is at first cautiously raised, and tho air is thus partially expelled 
by tho heat, and also by tho evolution of steam (tho phosphorus is 
damp when put in), whilst tho remaining oxygon la also partially 
absorbed by tho phosphorus, so that an atmosphero of nitrogen is 
produced in tho iron vessel. Bed phosphorus enters into all tho 
reactions proper to yellow phosphorus, only with greater dUfihoulty 
and more aloVly ; ° and, os its vapour tension (volatility) is less' than 

# 61 * Phosphorus only acts on iron at a rod hoak. Tho boiler la provided with a, aafoty 
wdvo and gaa-conduotlng tuba, whioh la immorsod in morcury or other liquid to prevent 
(he admission of air into the boilur. 

® Tho fiiioclflo heat of tho yellow variety ie OUHO— that is, greater, tliau that of the rod 
variety, whioh is 0'170. Thu sp. gr. of tho yellow is l‘S4, and of tho red proparod at 200° 
fl'lO, and of that prepared at 000'’ and above (i e. * luotallio ' pliosphorua, «eo below) 
m a'Ol. At 2110'’ the prtumure of tho vaiwur of ordinary phosphoras ■= 014 mlUimotros 
of mercury, and of tlie rod ■=• 0-~Utat is to say, the rod pliosphorus does not form 
any vapour at this tomporaturo ; at 447° tho vapour tension of ordinorj' phosphorus is at 
first a C600 mm., but It gradually dlihinlehos, whilst that of red phosphorus is equal to 
1680 mm. 

HIttorl, by Iwatlng the lower portion of a closed tube containing red phosphorus to 
680° emd the upper portion to 447°, obtolnod crystals of tho so-called ' metnllie ' phosphorus 
at the upper oxtremity. As tlio vapour UvnsionB (aoeording to Hittorf, at 680° tlm vapour 
tension of yellow phosphorus «*> 8040 mm., of rod « OlSHram., and of metoUio «> 4180inra.) 
and roiiotions aiD different, mefaJh'o phonjihorua may bo rogardwl os a dlstinot variety. 
It is still less ouorgotio in its chomiool reaction tlian rod phosphorus, and it Is donsor 
than the two proooding varieties; sp. gr. «» 2 ’ 84 . It does not oxidise in the air; is 
crystolUno, and has a metallio lustre. It is obtained when ordinary phosphorus is healed 
with lead for several bovtrfl at 400*’ in a closed vessel, from which the dr has been exhausted. 
The reroltftftt mw is then treated witli dilute nitric ooid, wlildh first dissolves the lead 
(phospboms is eleetro-negative to lead, and does not, therefore, aet on the nilrio oeld at 
Itot) and leaves brilliant rhombohedral cffystol# of ]^o»ph©ru» of ft daric ■riolet eoloar 
wiUi ft slight metftUlo lustre, whioh coaduet an elecWo current Incomparably better 
than the yellow variety; this also is ehoraoleristlo of the motsdlie etal® of phot- 
phontfi. 

Tlio reBoarclum of liomolne partially explain the passage of yellow (ordinary) phos- 
phonm into iln tillicw variolien, lie healed a chmwl glann glolHi containing either ordinary or 
ro<l phowphfiruB, in the vapour of eulphur (440 '), and then doterniinocl tho amount of tho 
red and yellow varitditm after various periiHls of time, hy treating Uu> mixture with earlHUi 
bieulphide. It appeared that after tho lapse of a certain time a mixture of definite nod 
.tqual ooropoHilioT) is ohtainoil from Imth— that in, iHitwoou the rad and yellow varieties a 


cyanurio acid (Chapter IX, Not^ 39 bia tod 48). 

The vapour of phosphorus i« oolourlcw j iti dratitj remaini ctostaut 
botweea 800® aad 1000® (Duiuas, 1833 j Mitschtrlicb, Divill©, and 
Troosfe, 1859, and ofchen), The deaeity with rtspeet to air hat hmn 
determlftod as from 4’3 to 4'b. Heaoo, roferrod to hydrogen, it is 
4’4 X 14‘4 w» 68 , oomspondiag with a molecular weight l84, i#. tho 
molooulo of phosphorus ia a state of vapour coatairti P 4 . Th« imdir 
will remombor that the molecule of Ditrogea wataiai Nf, of lulphur 
or Sa, aad of oxyph Oj or 0 |, 

The chemioal energy of phosphorus in a fr» ktoto more nwly 
approaohis thatof sulphur than altrogea. Thosphorus Is corobustibli and 
inflames at 60® j but havlag ia the aet of combination pirtod with a por- 
tion of its energv in the form of heat It bteom^ anal^oi to nllropn, 
so long as there la no quesUon 0! its reduction Imok again into phos- 
phorua Nitric add Is easily reduced to nitrogen, whlkt j^oiphorio 
aoid is reduced with very much greater difficulty, All toe compound* of 
phosphorus are less volatile than those of nitrogen. Nitrio add , HNOj^ 
ia easily distilled •, metapboiphorie acid, HPO|, is pnemlly said to ^ 


and Um last limit tamalaad ooiutUmt m fatitor Whm itirtf d 

phesphoinui ware takm,.flva grams vamalaad analtMd attor Iwa t«mr grams 

attar eight ham, imd attar iwaal^.bur hean and mm thm pame m b»a>r». 
Troost BaatatftUUa showed that Ui^eJd pho^^hom* b pMrsl dmapt rmm mMlf 
into the rad than does phosphorus vapour, which, howavar, la aMa, aWtott# riewl|, to 
deposit rad phoephoraa 

The aueetloB presents ilealf as to whether phoapbwaa b a »Uto of mpemr k lha 
ordinary hr some other variety f Illttorf (laflB) TOllectwl many daU for lh« wtutom at 
this problem, whloh leave no doubt that {as experlmenbl figures show) tha dearth 
of tlia vapour ol phosphorus Is always Urn »an»e, although the vaptror tenalrm «l Uw 
different varlaUes and their muctures is vtu^ variable. This shows that tha diftnmi 
varietlM of pbosphoros only oeenr b a Utinld and solid stole, m indued h teplM 
ha lha idea ol ^ywerieaUea. dtrteUy speahbg, th# 0I ph^ph«r»* to a 

partihsiar iMa of thU suhstsmoa, and the motoeular fmasda F4 onty to and w»l 
to siitCf’Ctwdi^ta stote ol phosphoraa But IKaoult^ s^utfMi m«ib4 stowed that 
tu C toCiigtMl^ utotWott the lidl the beealng pdnt todiwtfcw Iw «pto«iy a 

mola^ala fudglBi by the detmabatloJMi of Paterno wad KaiW (»),. 
and Baokmam (IISI), who ohtidnad for sulpbnr by the same mfeod a HMtwite w^Sl 
«v Bj, b oonforml^ with the .vapour density. Fanto r^Wirdt to Ihii dlrieM« wiU 
perhaps show the posslbUlly of ftndbg the moleenlar weight of ret! ^«ptoww, tl a 
maane ha disoovared for dJseolvbg it without eenverting it bto toe yelkw vattety. 

Z thbk it will not be out of place here to draw too raMtor's attoulifw to toe ImI toes 
»ad phosphoms, which wa must racogiUse as polymeric with toe ydlow, stoed* bmomt to 
jultzogm, whoM molecule is Kg, b its amall bdbayoa towards 
altootti^ Judging by its smdl vupouf tonslos it must Ito nwe amEtite Hwa 


jc'nospaorua not oniy ©omomes eaeuy anci aireotly wita QJcygen, but 
also with ohlorino, bromine, iodine, stdphur, and with certain metals, 
and red phosphorus when heated combines with hydrogen also.°*>*» So, for 
Instanoo, when fused with sodium under naphtha, phosphorus gives the 
compound IsTaaPa. Zinc, absorbing tho vapour of phosphorus, gives the 
phosphide ZnaPj (sp. gr. 4*76) ; tin, SnP ; copper, OuaP ; even platinum 
combines with phosphorus (PtPa, sp, gr. 8*77).® »»» Iron, when combined 
even with a small Quantity of phosphorus, becomes brittle.'^ Some of 
these compounds of phosphorus are obtained by tho action of phos- 
phorus on the Eiolutiods of motaUio salfcB, and by the ignition of metallip 
oxides in tho vapour of phosphorus, or by heating mixtures of phod* 
phatos with charcoal and metals. Phosphides do not exhibit the 
external properbioa of salts, which are so clearly scon in tho ohloridos 
and still distinctly observable in tho sulphides. Tho pho 8 phid 69 qf tho 
metals of tho alkalis and of the alkaline earths are even immediately 
and very easily decomposed by water, whereas this is found to be the 
case with only a very few sulphides, and still more rarely and indistinotly 
■with tho chlorides. We may take calcium phosphide as an example.^ •'i* 

Botgora (me fortibfir on) Bbowed tbie in. 1804, and obeorvod tbati Ab when boated 
oloo oomblnofl with hydrogen, 

a <rt Tiio oapaoity ot taaroory (Dbapfcor XVL, Note ^6 bis) to give unstaWo coffipounds 
with nilrogon givos rise to tbo sup^wBlUon that Bimilar compounds exist with phosphorus 
also. Such a compound was obtained by Granger (1009) by heating mercury with iodide 
ot tihoaphorus in a olosod tube at 276“-300“. After removing the iodide ot mercury 
formed, there remain Bno rhoinblo crystals having a motollio lustre, and oompositlon 
EgjPs. Xbli oompound is stable, does not alter at tbo ordinary tteperatnre and only 
decomposes at a red beat ) when heated in air it bums with a flame. Nitric and hydro* 
oblorio acids do not oot upon it, but it is easily decomposed by aqua regia. A phosphide 
of flOKper, OoJ?#, was obtafioed bjt Granger (1808) by heating a mixture of water, 
finely di'dded copper and red pboepborus In a s^od tube to 180®. The oxooss of 
copper was afterwards washed away by a solution of NHj in the preseneo of abr. 

Tbo metallio oompounds of phosphorus possess a great ohamical bterest, beoftoso 
they show a transition from niotalUo alloys (for ln8taneo,of SbAi) to tho sulphides, haltf. 
gaa salts, and oxidos, and on tlio oUior hand to tho nitridos. iUlbough there are already 
many fragmentary data on tho subject, Uio inlonmtliig provinen of tho muteUio phos- 
lihldoH ooniiat yet bo regarded a# in any way generalised. Tho voriod applications (phos* 
phordrtm, phoBphor*hro«ro, &o.), which tho phosphides havo recently acquired should 
give a strong Incentive to tho complote and dounod study of Uiis subject,., wihlda 
wfitdd, in my opinion, help to the explanation of ohomicol relations beginnbig with oUoya 
(tolotlons) and oadUig with salts and tho oorapounds of hydrogen (hydrides), 
phosphor-metolB, as Is proved by dirsot experijnent, stand in ih« same rriafci«a to pfeoS* 
plmrettod hydrogen m tho sulpMos do towards sulphuretted hydr^ea, ,orft» ttcmwklUo 
ohlorldcs to hydroehlorio acid. 

Many oUier eempounds of pbe«phoras ore also eapthlc of fonniag phosphnrotted 
hvdmwMi. Thus BP also ttivfls PHa (s#e ChapUr XVIL, Note 19). Aowrdiag to LUnka 



which forms a salt with another portion of the lime, whilst the 
liberated calcium combines with the phosphorus and fofms calcium 
phosphide. Its composition is not quite certain ; it may be Cap 
(corresponding with liquid phosphuretted hydrogen). This substance 
is remarkable for the following reaction : if we take water— -or, better 
still, a dilute solution of hydrochloric acid— and throw calcium phos- 
phide into it, bubldes of gas are evolved, which take fire spon- 
taneously in the air and form white rings. This is owing to the fact 
that the liquid hydrogen phosphide, PHj, is first formed, thus, 
Cap + 2 HC 1 s= CaClj -b PHa, which, owing to its instability, very 
easily splits up into the solid phosphide, P2H, and gaseous phosphide, 
PH3 ; 6PH2 = P2H + 3PH3 ; the latter corresponds with ammonia. 
The mixture of the gaseous and liquid phosphides takes fire spon- 
taneously in the air, forming phosphoric acid. The same hydrogen 
phosphides are formed when water acts on sodium phosphide (p2^**'3)« 
A similar mixture of gaseous liquid and solid phosphuretted hydrogen 
(Retgers 1894 ) is formed by heating (in a glass tube) red phosphorus 
in a stream of dry hydrogen. Hence we see that there are three com- 
pounda of phoapJiorua with hydrogen : ( 1 ) The first or solid yellow 
phosphide, P2H (more probably P4H2), is obtained by the action of 
strong hydrochloric acid on sodium phosphide ; it takes fire when 
struck or at 175 °^. ( 2 ) The liquid, PHj, or more correctly expressed as 
the molecule, P2H4, is a colourless liquid which takes fire spontaneously 
in the air, boils at 30 °, is very unstable, and is easily decomposed (by 
light or hydrochloric acid) into the two other phosphides of hydrogen. 
It is prepared by passing the gases evolved by the action of water 
on calcium phosphide through a freezing mixture.® And, lastly, ( 3 ), 
gaseous hydrogen phosphide, phoaphim^ PH3, which is distinguished as 
being the most stable. It is a colourless gas, which does not take fire 
in, the air. It has an odour of garlic, and is very poisonous. It 
teeaifeg;aitSlt« £m oovereclwiiih. alayerof carboiiftte of ^anmommn, with red phosphorus ; 
SOO^sm O.C. of water sxe then poured into a flask, 8-S grams of this phosphide of tin 
^bopped in, and after Adving out the air by a stream of carbonic acid, hydrochloric aci& 
(ap. gr. 1 * 104 ) ia poured hu The disengagement of phosphuretted hydrogen takes place pn 
heating the flask in .a water bath. The following is another easy method for preparing 
PHj, A mixture of 1 part of zinc dust (fume) and 2 parts of red phosphorus are heated 
in an atmosphere of hydrogen (the mixture bums in air). Combination takes place 
accompanied by a flash, and a grey mass of ZnjP2 is formed which gives PH* when treated 
with dilute H2SO4. 

* The spontaneous inflammability of the hydride PH3 in air is very remarkable, and 
it is particalatly interesting that its analogues in composition, P(C2Hs)2 (the formula must 
herdoahled} and 2ht(C3H5)2, also'take fire spontaneously, in air. 



axtnouga lu jorina coiiipvuuua wawi ua uiicm wmun resemDio 

ammonium salts in their form and properties. Among them the coui- 
^Qund with hydriodio acid, PH 4 I, analogous to ammonium iodide, is 
remarkable. This compound crystallises on sublimation in well-formed 
cubes, like sal-ammoniac, which it resembles in many respects. How- 
ever, this compound does not enter into those reactions of double 
4 ecomposition which are- proper to sal-ammoniac, because its saline 
properties are very feebly developed. Phosphuretted hydrogen also 
‘combines, like amrodnia, with certain chlpranhydi'ides ; but they are 
■decomposed by water, with the evolution of phosphine. Ogier (1880) 
.showed that hydrochloric acid also combines with phosphine under a 
pressure of 20 atmospheres at + 18°, and Under the ordinary pressure 
at —35°, forming the crystalline phosphonium chloride PH 4 CI, corre- 
sponding to sal-ammoniac. Hydrobromic acid does the same with greater 
,ease, and hydriodio acid with still greater facility, forming phosphonium , 
Mide, PH4I.9 

6 bii The analogy between PHj and NH3 is partioolarly. clear in the hydrocarbon 
derivatiTCB. Just as NHjR, NHRa, and NB3, where R is CH3, and other hydrocarbon 
radicles, correspond to NHs, so there oi-e actually similar (Sompounds correspontog to PHj, 
tthese compounds form % branch of organic chemistry. 

® The periodic law and direct experimeht (Uie molecular weight) show that PH3 is the 
normal compound of P and H and that it is more simple than PHj or PgHj, just as 
tnethane, CH4, is more simple than ethane, C-jHo, whose empirical composition is CH3. ' 
The formation of liquid phosphuretted hydrogen may be understood from the law of 
^substitution. The univalent radicle of PH5 is PH5, ana if it is combined with H in PH3 
It replaces H in liquid phosphuretted hydrogen, which thus gives P->H4. This substanca- 
oorrespondswith free omidogeu (hydrazine), NgHt (Chapter VI.) Probably P2H4 is able 
. to combine with HI, and perhaps also with QHI, or other molecules — that is, to give a 
substance oocresponding to pbosphoniun iodide. 

Phosphonium iodide, PH4I, may be prepared, according to Baeyer, in large quanti- 
ties in the following manner: — ^100 parts of phosphorus are dissolved in dry carbon 
bisulphide in a tubulated retort : when the mixture has cooled, 176 parts of iodide 
ore added little by little, and the carbon bisulphide is then distilled off, this being dona 
towards the end of the operation in a current of dry oarbonio anhydride at a moderate 
temperature. The neck of the retort is then connected with a wide glass tube, and the 
tubulure with a funnel furnished with a stopcock, and containing 60 parts of water. 
This water is added drop by drop to the phosphorous iodide, and a violent reaction takes 
place, with the evolution of hydriodio add and phosphonium iodide. The latter collects 
as crystals in the glass tube and the retort itself. It is purified by further distilla- 
tions; more than IQO parts may bO obtained. Baeyer expresses the reaction by the 
equation PjI-faHjO =» PH4l-hPOj; and the compound POj may be represented aa 
phosphorous phosphoric anhydride: PaOj-fPjOs => 4PO4. Asa better proportion we 
may take 400 grams of phoephoms, 680 grams of iodine, and 340 grains of water, and 
express the formation thus : ISP-fOI-fSlH^O a 8H4P407-f 7PH4l-f 2HI (Chapter XI., 
Note 77). 

Phosphonium iodide and Oven phosphine act os reducing agenta in SQljtioaa-nifr' 



tained in solution ; gaseous phosphuretted hydrogen is evolved ; 

p4+3E:HO + 3HaO « SCKHjPOal + PHa, 

Liquid phosphuretted hydrogen (and free hydrogen) is also formed, 
together with the phosphine, so that the gaseous product, on escaping 
from the water into the air, takes fire spontaneously, forming beautiful 
white rings of phosphoric acid. In this experiment, as in that with 
calcium phosphide, it is the liquid, PoH^, that takes lire ; but the 
phosphine set light to by it also burns, PH3 + 04 = PH3O4. The same 
phosphuretted hydrogen, PHj, may be obtained pure, and not spon- 
taneously combustib'le, by igniting the hydrates of phosphorous acid 
(4PH3O3 = PH3 + 3PII3O4) and hypophosphorous acid (2PH'30jt 
s=PB[3-fPH304) , or, more simply, by the decomposition of calcium 
phosphide by hydrochloric acid, because then all the liquid phosphide, 
P2H4, is decomposed into non-volatile P2H and gaseous PHg. Pure 
phosphine liquefies when cooled to — 90 °, boils at — 85 °, and solidifies 
at — 135 ° (Olszewski). When phosphorus bums in an excess’® •^’» .of dry 

many metaJilic salte. Carozzi showed tliat with a solution of snlphorous anhydride phos- 
phine gives sulphur and phosphoric acid. 

w The air must first be expelled from the flask by hydrogen, or some other gas which 
wiB not support combustion, ns otherwise an explosion might take ^lace owing to the 
spontaneous inflammability of the phosphuretted hydrogen. 

The combustion of phosphuretted hydrogen in oxygen also takes place under water 
when the bubbles of both gases meet, and it is very brilliant. Tbo phosphuretted 
hydrogen obtained by the action of phosphorus on caustic potash always contains free 
hydrogen, and often even the greater part of the gas evolved consists of hydrogen. 

Pure phosphuretted hydrogen (not containing hydrogen or liquid or solid phos- 
phides) is obtained by the action of a solution of potash on phosphonium iodide : 
PH4T+KHO =PH3 +KI+HjO (in just the some way as ammonia is liberated from 
ammonium chloride). The reaction proceeds easily, and the purity of the gas is seen 
from the fact that it is entirely absorbed by bleaching powder and is not spontaneously 
inflarngnAte^te mixture with oxygen explodes when the pressm-e is diminished 
(Gls^isr X-Vilt, Fotefl). Tlie vapours of bromine, nitric acid, &c., cause it to again 
aoqiteiSie proper^ of inflaming in the air; that is, they partially decompose It, 
fcHtmfng the hquM hydride, PgH4. Oppenheim showed that when red phosphorus is 
Imted at KMP with hydrochloric add in a dosed tube It forms the compound 
PC33i(H3P03), together .with phosphine. 

M If there be a deficiency of oxggea, phosplwrous anhydride P2O3 is formed. It 
was cfljtaJned by Thorpe and Tutton (1890) and is easily volatiUsed, melts at 22°-5, boils 
vrifeout diange fm an atmosphere of Nj or COj) at 178°, and is thei-efore easily separated 
tomPjOs, whidi volatilises with difficulty. Tte vapour density shows that the mole- 
^l*w^rtis*mble,i.e. PjOg Pike A83O3), Although colourless, phosphorous anhydride 
pa tepor atste of fasion at =1-880) turns yellow and reddens in eun-light 


centre or tiio giouo. uicso mmpa are set alight by touching them with 
^ hot wire, and tho phosphorus burns into PaOa. The dry air necessary 
for its oombustion is forced into tho globo through a lateral ncch, and 
tho white Qakos of phosphoric anhydride formed aro carried by tho 
current of air through a second lateral nook into a series of Woulfo'a 
bottles, whoro they settle as friable white flakes. Phosphoric anhydride 
may also bo formed by passing dry air through a solution of phosphoims 
in carbon bisulphide. All tho materials for tho preparation of this sub* 
stanoe must be carefully dried, because it comhirm with great eagerness 
lidth water, at the same time developing a largo amount of heat and 
forming motaphosphorio acid, HPO3, from whioh tho water cannot 
bo separated by boat. Phosphoric anhydride is a colourless snow-liko 
«\jib 8 tanoo, which attracts moisture from tho air with tho utmost avidity. 
It fuses at n rod heat, and thon volatilues. Its affinity for water is so 
great tliat it takes it up from many substances. Thus it converts sul* 
phurio add into sulphuric anhydride, and carbohydrates (wood, paper) 
are carbonised, and give up the elements of water when brought into 
. contact with it. 

When moist phosphorus slowly oxidises in the air, it not only 
forms phosphorous and phosphorio adds, but also hjpophosphoHo acid, 
HjiPaO,!, whidi when in a dry state easily splits up at CO® into phos* 
phorous and motapliosphorlc acids (n4P80rt = IlaPOg + HPOa), but 
differs from a mixture of those acids in that it forms woll-oharaotorisod 
salts, of which tlio sodium salt, HaNaaPjOe, is but slightly soluble in 
water (the sodium salts of phosphorio and phosphorous aoids are easily 
soluble), and that it does not act as a reduoiog agent, like mixtures 
containing phosphorous acid.** 

(poisibly r«ttl phoBiiUoms eepwrate# onl ?), wid doeompoBes ftt 400® forming liypophoa* 
pUttroutt fUiUydritk (Note 11) tuid pliosplmruH. It p(W#o 8 into l\Oi in air and 
osygwi, anil wlnsn RliglvUy lumtwl in oxygen bocoinoB luminoun, anti ultinmtaly tiikoB 
flro. C'obl water slowly traiiafnrnia I’aOa into pboapborio acitl, but but water givea an 
flxplowon anil k>iul« to Uw {ornuvUon ot I'lla. (IkOa+OlIaO » I’lI.t+eVIIsO.!), Alkalia 
Mt in UitJ wunu nianiHir. It tako* flro in cbbiriiin niul fomiB I’OCl., anti PO 9 CI, and 
wmbinefl with sulpliur at IflO", forming (llie molocular formula i« doubla this) a 

nbatMoe wUoh vnktiliMB in vMtm and la cltKKxnixiMd by water into IljS and phosphorio 
odd, It may be r^nlml as l\0$, In wWeh Og U« boon replooed by two atoms oJ 
attlpbur Jttdfiftg from tho above, tho mixture of PjO* and P^Og formed la th« oomlm». 
tioa of pbtwphoru# in dr la tranoformnd Into PjOj to an exe«#B of oxygen. 

•' 8 al»r provod Ui« «xl»tenw of hypopl'e*pkorle odd (It i« also edlad BnbpboBphorio 
ftrid), to whldt many ebemlata did not baltovs. Drawe (llftS) and EommdBberg (1802) to* 
its edto. It may be obtdaed to a tooo atato by Uie following metliod. The 
aduUoB of odd orodnodd bv the stow mcldotioB of molat phospboma la mixed with 0 



acuiH RiKi tuoir corre 8 i>onumg army a nays, wwwtirujg m pwwpnunjw^ 
hydrogen, HgP ; — 

phoiphorio ftdid, and anhydride, 

Hi|PO|, pboiphorotts wid, and anhydride, 

HgPOj, hypophoiphorous acid, and ?/.>, anhydride.** 

Ttio last of those (tho anAloguo of N3O) hi almoit unknown. Pbf%» 
phoric anhydride (PaOj) with a small quantity uf wat*<rdacinot atfirtft 
gJvo ortho} ihosphoric arid, hut a corojiouml or 

PnOa, whoBo comiK»itioa corraajKUMlB with that of nitric aoid ; tliii ia 
metaphtaj^ork aeM, Even vdi^ an oxcm of wafe»r, combining wiA 
phosphoric anbydrido, this »notftj»ho8|)horio ackl, and not the ortho-, 
passes at firtt Into solution, Motaj^Mj^rio arid In Kdution only 
passes into orthophosphorio arid y^hao the solution b hwlial or alter 
a lapse of time. 

Ortliopho^pkone «md is obtained by oxldirinf photpUoms with 
joitrio acid until the phosphorus entirely paiwua into •olutioa and th# 

aolntlon (9S p,o.) ftf wdium aeetot#. A srit, Nft,.1ST,iq06.en,0, tsryalaJUww mi ©11 iscwU 
lag ; it ifi Kolubltt lu 4S |i«jrk of wakur, am) a piMit4l«.tik ©( tWl 

iAg^PsO, with of 6 il w}, Tli« limd l« d««»|« 3 #edi by s, ^arwit ri by»ir«>;i»a 
Bulphide, wh®*i 1 ®*^ itttlphia® in jpimcdpltetwl, wbiln fcliit nrialioii, waptwratwl tba 
Mo^ver of m elv-pamp, glrnn erysttiJin of wUoh wntily Im# wnlw kii4 

gbe Th« snlti ia wblob tha H 4 in ^ m KllCn^ «r &«., 

axn lanolubln la waA^r. 

In ovdnr to mn thn rntnyon bnitwoon pbm^phorio ft^A nuoA hyp«ph«^^b<Mto arid wbieb 
€o« 8 not oontnln Ibn dnmonUi of phonpbortinn mold (boenuM it Atm not mIwm 
« ld 01 moronry from Uwit nolutlons), but wblob nwertJwlttnn i« tm{iw,blnt*l twlnf oxWiis^ 
(for asounpli’i by poUnaium i>mmwig,u)ftl«) into jiIionfAiwiii m-i<l, it ia *iinj4»»t 0> «i*|p^ 
tbolikw of ftubstituUon, Tliiadtwrly indiciiioH U»« rolntinn botwepti m ol, 
imtl ojurlionitii ftclil, OlltCOOIt). htlivliim th>tw«H>t» Ui« hIhivb lu'ttla In ©SMlly uS 
nnme if wo oxpreMi pbonpJiorie ftoiil tm UUiroOflb), twnaw in tliin i»»e «<• 

(POQiIt'i)a, will (wn«aj[>timl wtUi it jawt mi oxdio lio^ with enurWiio «*W, A rimliw 
.rolnUonaMp Mtinta b«tw«m hj^ponttlpbaria or diUtkwto i«W, nalpburki 

ftold, OH(BOaOH), m wo nbuJl find in tb« foltewiag ^pter. IWlhiciftta ne-ki 
witta ^ n^iydridH 8*0^ tatormndinttt botwm 80, amt BO, | mM with C-jOj^ 
JntnmBdkk bstwonn CO nmd 00, j bjpopbonpbwte noM ©«r»*|»mi(i with tt»« 8idiy<. 
^tdA» latwfiwikto b§tw®«i PiJOg ami wad lb* swaJeffim *4 NtO*. 

** &iirid#8 tke hyto-tes wawtwmted, » eompottml, PEsO,rfi«dd c«r?eK|«*d witti I’l%, 
TM® hydimte, wWehin tuari^otts to byirewsyteds#, l« not tawra ta a rtat#, Imfc il ll. 
known m trietbylpfi««|^iatt ojtldo, PfCalibbiO, wWA Ik oblutad by Wbe ©nWatloii of 
WotbylpboftpluMi, P(0,ng}ji. It mnrt bo oWsrvtd Baal lis»» sw.| dlw b» te»« t»a«le« 
phoaphoriM correapondinf with PH®, like N,0 and NO, mA Mw« »m »»i, Iwiiimlfcat 
of ike fonmtian of »ueh eompounda, b«t tk« data M«e»minf tt«m b« 
oa dnady eHtuUinked. 

** Bkoapkorio aoid, bring a wdnUs and rimott aaa»vrirttt# sab^uae®, ^aacul p*®* 

IbIkMd UltM kvttpBaklnvlH unil nUrln haUu !•«> iViK unltMa u.t 


(dried in a current of dry carbonic anhydride) l)o taken, a crystalline 
nmraof the acid can lie obtaituKl by evaporating the solution, until it con-' 
aista tally of the (juantity of phospliorio acid corroapoudipg with the 
amount of phosphorus taken (from 31 jiarta of P, 98 parts of aolutioxr). 
The acid fuaoa at + 39® , specific gravity of the liiiuid 1 'SB, riiospliorus 
pontaddoridc, POlfl, and oxychloride, POOI3 (sec further on), give 
orthophoaphoric acid and hydrochloric acid with water. The two other 
varieties of jihoaphorio acid, with which wo shall presently become 
acquainted, give the samo ortho-acid when under the influonoo of acids, 
with particular ease when boiled and more slowly in the cold. By 
itself orthophosphorio acid (cither in solution or when dry) does not 
pass into the other variotioa • it <1ooh not oxidise, and thoroforo prosonts 
the limiting and stable form. When luiatcd to 300", it loses water and 
paHHC.s int.o {lyrupbosphoric oidd, 2It3p04 = HaO-|-n.,P,ji()7, whilst at a 
rod heat it loses twice as much water and is oonverttid into metaphos- 
phorio acid, lEjPO^ B® HgO -f IIPO3. In aqueous solution orthophos- 
phorio acid diftera clearly from pyro* or meta-phosphorio acids, because 
the solutions of these latter acids give different reactions thus ortho 
phosphoric acid does not precipitate albumin, does not give a precipitate 
with barium chloride, and forms a yellow precipitate of silver ortho- 
pliosphato, Ag.nP04, with silver nitrate (in the prosonoe of alkalis, but 
not iithorwisc) , whilst a solution of pyrophosphoric acid, Il4l*g07, 
althougli it d(K!» not precipitate albumin or barium chloride, gives 
a white precipitate of silver pyrophosphate, Ag4Pa07, with silver 
nitrate , and a solution of metaphosphorio acid, HBOj, precipitates 
both albumin and barium ohJoride, snd gives a white precipitate of 
silver metaphosphate, AgPOj, with sUyer nitrate. These points of 
distinction wore studied by Graham, and are exceedingly instructive. 
They show that the solution of a substanoo docs not dotormino ' 
the maximum of chemical combination with water, that solutions may 
conbiin various dcgr(H« of combination with water, and that thoro is 
a clear diilbrcucu butwcon the water serving for solution and that 
ontering into chemical oornbination. Graham's oxporimonts also 
allowed that the water whoso removal or combination determines the 

httduin tirhwl nmy Co laken, IwKsaUBC tliny giva iumtlttljla MJito.thMBiigOPOiJa-t'SHjSQi 
m BHti.H04 4 alljPOi J Uoiitt Mil oo«tiun«, lHi«kle» (mlciiuii phoqihate, sodium aad mag» 
ne«lum pliomilmtuw, and fluoridos wid oUuir wUla, w that it cwonot j;lv© directly a. pur® 
pho«pht>rif3 Wild, 

w If tihls J» not dtmo Uni orthophospTiorlo add, PHg04, loffta ft portion of its water. 


tsonvereion of ortho- into raet^- pyrophosphoric acids differs dis- 
tinctly from water of crystallisation, for he obtained the salts of Ortho-, 
meta-, and pyrophosphoric acids with water of crystallisation, and they 
differed in their reactions, like the acids themselves. This water of 
crystallisation was expelled with greater ease than the water of constitu- 
tion of the hydrates in question.'^ 

Orthophosphoric acid has a pleasant acid taste and a distinctly acid 
reaction ; it is used as a medicine, and is not poisonous (phosphorous 
acid is poisonous). Alkalis, like sodium, potassium, and ammonium 
hydroxides, saturate the acid properties of phosphoric acid when taken 
in the ratio 2NaHO j H3PO4— that is, when salts of the composition 
Hl!TajP04 are formed. When taken in the ratio NaHO ; H3FO4, a 
solution having an acid reaction is obtained, and when SNaHO : H3PO4 
-—that is, when the salt Na3P04 is formed— an- alkaline reaction is 
obtained. Hence many chemists (Berzelius) even regarded the salts 
of composition R3HPO4 as normal, and considered phosphoric acid 
to be bibasic. But the gait NaaHP04 also shows a feeble alkaline 
reaction, so that it is impossible to judge the characteristic peculiarities 
of acids by the reactions on litmus paper, as we already know from 
many examples. Orthophosphoric acid is tribasic, because it contains 
three equivalents of hydrogen replaceable by metals, forming salts, 
such as NaH3P04, Na3HP04, andlfa3P04. It is also tribasic, because 
with silver nitrate its soluble salts always give Ag3P04,‘* a salt with 
three equivalents of silver, and because by double decomposition with 

« Mi The difterenoe between the reactions of orthp-, meta- and pytophosphorio acids, 
established by Graham (see p. 1,63), is of such importance for the theory of hydrates and 
for explaining the nature of solutions, that in my opinion its influence upon chemical 
thought.has been far from exhausted. At the present time many such instances are 
known both in organic (for instance, the difference between the reactions of the solutioma 
of certain anhydrides and hydrates of acids), and inorganic chemistry (for example^ the 
difference between the rose and purple cobalt compounds, Chapter XXIl. &o.y They 
as^tially recall the long known and generalised difference between CaH 4 (ethylene), 
CiHaO (ethyl alcohol = ethylene + water), and C,^HioO (ethyl ether = 2 ethylene + water 
» 2 alcohol — water) ; but to the ittesent day the numerous walogous phenomena exist* 
ing among inorganio substances are only considered as a simple difference in degrees of 
distinguishulg the water of constitution (hydration), crystallisation, and solution 
xnthout penetrating into the difference of the etmotnre or distribution of the elements, 
Which exists here and gives rise to a distinct isomerism of solutions. In my opinion the 
progress of chemistry, especitdly with regard to solutions, should make rapid strides when 
the cause of the isomerism of solutions, for instance, of ortho- and pyrophospborio acids, 
has become as clear to us as the cause of many well-studied instances of the isomerism, 
polymerism, and metamerism of organic compounds. Here it forms one of those many 
important problems which remain for the chmnistryof the future in a state of ohlv 


salts of tlio metals of tho alkaline earths, R8(P04)2 tmd even 
IljiI[a(P04), aro insoluble in water, but dissolve in feeble acids, such 
as phosphoric and acetic, because they then form soluble acid salts, 
especially KH4(P04)5,.’® 


it pfivflH ft wliifco pyrophoBiAftto (tlio d<)oompoBition which oauBoa this is not known). 

if) Holublo in luiucoua solutions of phosphoric, nitric, and oven aootio acids, of 
aiiiinoiiia, and many X)f its salts. If silver uitmto acts on a dimotoJUio orthophos* 
phato— for Instanoo, NoallPO^— it 'Still ffivos AggP 04 , nitric acid being disengaged: 
Na^jHPO^ + BAgNOs-AggPO^+aNaNOg-f-HNOg. When alcohol is oddad to silvor 
orthophoaphay, AgjPO^, dissolved in syrupy phospliorio acid, it precipitates a 
wliito salt (the alcohol tokos up tho free phosphoric acid) having tho composition 
Ag 2 HP 04 , which is immodlotoly dooompostsl l)y water into tho normal salt and pl:o»< 
phorio acid. 

Tho rosoarchou of Tliomson showtul that in very dilUto oquofus aolullons tho> 
majority of monohanio acidii — nitric, acntic, hydnsslilorio, &o. (but hydrollucrio acid uu>ro 
and hydrooyanio 1 <ihh)"' IIX ovclvo tho following amouutii of heat (in thousands of calorics^ 
with ouustio soda: NaII() + ‘illX •-» 14 ; NanO-l-lIXra>14; SNaIlC)-t'HX«14 ; that is, if 
rt ho awiiolonuinlfor itNaUOl-HXk-aliondNallO+nllX'Sild. llonoo reaction hero only 


lulfoH plivco Iwtwocn out) nudcculo pi NallO and ono molooulo of aoid, and tho roiunining; 
quantity of acid or alkaJ! dtH»a not enter into tlio reaction. In tho oaso of bibosio odds, 
Hjlt" (sulphurio, ditliionio, oxalic, sulphuretted hydrogen, iko.), NftHO*i-8HaB"w>14 { 
NaHO+Hsir-lfl; a!Sr(aiO + UjB"«.aB; nNalIO+HaB"«a8) that is, with an excess o» 
acid (NallO + flH'jB,") 14 thousand units of heat aro dovelopod, find with an oxocss of alkoU 
at). Wlion phoapliorifl add is tokoi i (hut not all tribasio lusido — for instanoo, not citric) tho 
gotuirnl ohanwitsr of tho phcmoinonon is similar to tho prooodiug,na:nolyf NallO + 2 II 8 PO 4 
« 14-7: NallO -I- IIal '04 14-H; aNallO + TlsPO* « SVl i ONuHO +IIbP 04 «.» 84'0; 
ONivlIO +’HjP 04 ... orrll: or, ingonoral tonus, NallO 14 (iipproximayiy) tuid 
nNallO + llgr 04 . Ufi and Jiot 42, wliioh uhows a ixiculinrity of phoaidmrio acid. In tho 
COMO of oiiorgotio acids, whem ono equivalent (28 grams) of sodium (in the form of 
hydroxide) replaces 0110 oquivolont (1 gram) of hydrogen (with tliC formation of watcfl 
and in dilute solutions), 14,000 heat units or© evolved; and Ihlu is true for phosplioriq 
acid when in Hj^ 04 , Na or Noj roplaoca H or Ha, bat when Nn«roplao«B Hg less heat is 
developed. This will b« seen from the following scheme baaed on the preceding 
figures: HsP 04 + NaH0«. 14'fi: NaH|P 04 +NftHO la-B; Na»HP 04 +Nal ^0 - 6'8{ 
with N)i 3 l’C) 4 + NallO, a very sraall amount of heat is evolved, os may bo judged from 
tho fiu-.t that Na 8 PC )4 + 8NanO ^ 1-8, but stiU heat is evolved. It must bo auppos^ 
that in ooting on phoHphoric tvoid in the presouoo of a large quantity of wator, a cortow 
|Htrti.iin tif tint Modiuu) hydroxide rornainu a« alkali uuoombinod with tlio acid. Thus, on 
ineri'iuiiiig Uto mtwiii of the alkali, heat in still cvidvinl, and a frtisli iutorchango hetwoen 
Nil and II taken ploee. Iloiiee water bIhiwb a doc.omitosing aollon on the dkali phosphates; 
The Hoimi deeiiuqsiMiug notion of water Is seen, hut to a loss extent, with NoalLL O4, os 
may Im judgiwl Isilh from the d'ocIIoub of UiiB salt and from tlio amount of heal) 
doveloimtl by Nallai ’04 with NallO. Much an explanation is in oocordanoo wiUi many 
fioob oonceimiiig lh*» deoomitosition of Bolts by water- already knovm to ue. Eeoent 
researebes mode by Bcrthelot and IxiUguinhi© have eoufirmed the above deductions mode 
by me in the llrHl wlition (1H71) of this work. At Uut present time views of tWa^ure^ 
somewluit generally wxtopUKl, altliougU they arc not sufaeiontly strictly applied m other 
OMOM. Am regards Pns ()4 it may bo .»aid that : on tho substitution of the first liydr^n 
IhlH acid MtM OB ft iKiwerful arid (like HGl, HNOj, UaBO,); on the anbatitution of the 
Booond hydrogen m a wookur acid (like an orgaaio aoid) ; and on tho substituuoa of 



decomposed by orthophosphoric acid> only tn 6 salt JNa2±lrU4 is 
formed ; and when an excess of sodium ctdoride is ignited with 
orthophosphoric acid, hydrochloric acid is evolved, and the acid salt 
H2NaP04 alone is formed. These facts clearly indicate the small 
energy of phosphoric acid with respect to the formation of the tri- 
metaUic salt, which is seen further from the fact that the salt !N"a3P04 
has an alkaline reaction, decomposes in the presence of water and car- 
bonic acid, forming Na2HP04, corrodes glass vessels in which it is 
boiled or evaporated, just like solutions of the alkalis, disengages, like 
them, ammonia from ammonium chloride, and crystallises from solu- 
tions, as Na3P04,12H20, only in the presence- of an excess of alkali. 
At 16 ® the crystals of this salt require five parts of water for solution ; 
tljgy fuse at 77 ®. 

jOisodium orthophosphate, or common sodium phosphate, Na2HP04, 
is more stable both in solution and in the solid state. As it is used in 
medicine and in dyeing, it is prepared in considerable quantities, most 
frequently from the impure phosphoric acid obtained by the action of 
sulphuric acid on bone ash. The solution thus formed— which contains, 
besides phosphoric and sulphuric acids, salts of sodium, calcium, and 
magnesium — is heated, and sodium carbonate added so long as car- 
bonic anhydride is disengaged. A precipitate isdormed containing the 
insoluble salts of magnesium and calcium, whilst the solution Contains 
sodium phosphate, N’a2HP04, with a small quantity of other salts, from 
which it may be easily purified by crystallisation. At the ordinary 
temperature its solutions, especially in the presence of a small amount 
of sodium carbonate, give finely-formed inclined prismatic crystals, 
N’a2B[P04,12H20 ; when the cryStaUisation takes place above 30 ® 
they only contain 7H2O. The former crystals even lose a portion of 
their water of crystallisation at the ordinary temperature (the salt 
effloresces), and form the second salt with 7H2O ;■ whilst under the 
receiver of an air-pump and over sulphuric acid they also part with 
this water. When ignited they lose the last molecule of water of 
constitution, and give sodium pyrophosphate, Na4P207. 

ii lf8aHP04,13H20 has a ep. gr 1’53. Poggiale determlaed the solubility in. 100 
paits-of water (l).of the anhydrous ortho-ealt NajHP04, and ( 2 ) of the corresponding 
pyro-ealt Na4P20j ■ 
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M tiuaaqperataree of 20° to 100° the ortho-salt 19 eo very much leas tbut this 



with all its wator, formuig iho mehiphosplinto NaPOa. It is pro- 
pared from ordinary sodium pliospliato by adding phosphorio acid 
until tho solution duos iH>t givo a in'ocipitato with barium chloride, and 
tlion evaporating and crystallising tho solution, TIio solution <if this 
®nlt does not absorb carbonio anhydride, and does not give a precipitate 
with salts of calcium, barium, 

diltarouaa dono dwiatly indicfttcB tho deeply-ssated tdteftUon CnoonBtituUon wlikhtaiea 
plaw 111 tho pa«ittge trom tlie crtlio- to the pyro-aftlta. 

1* The mnmonium oHhoplwtiphatps rewmble the sodium aalts In many reepeotfl, but 
tho instability of tho di- and tri-motalHci noltii is Boon in thorn «till more ol’early tlian in 
Mjo sodium «aH»; thua (NHjhl’O^, and ovon {NIb)-4TtP04, loao ammtttna in tho air 
(oapocltdly whouh«H.U>d, oven in wululinna) ; Nimial’Oi oJemodooBnot diiu'iigngo ammonia 
and hiiH an (Mild roiu'lion. Thu urynlaht of Uii» find »tdt contain tlllgO, and ans only 
formod in Iht) jin'Miintd of an I'Xt'uHB of aiimumta; ImiUi tho oUu'ni aro aiihydroUH, and 
may htt uhtaiuod liku Ui<i tiodium ludtu. When igniU>d tUoHo Malta loavo imitapUoHphorio 
Mid hohind ; for urrnujiU*, (NU4)-4lIl*()4 » i SNlfg lt.jO*t IIPt)g. imniouia aJ»io oiitcrB 
into tho cotnpiwiUon of many Uoubjo ptumphatos. Ammonium eodium ortliophoMphate, 
cr Bimply j,ilu>ttpU«A« 5 , NH^NalirO^jtUaO, cry»talU«a« In large Iransparwit eryatola from 
& mistura of tlia wiluUniw of diBodium plmsidiata and ammonittm iddorid® (in which 

CM® sodium diloridfl Is obtained In tho moth®' htjuid), or, butter «U11, firom a •olufeioa of 

ratmoBodium jdtafiplwk Baturated witli ammonia, It i» oIbo formed from tha phoaphatcB 
la urine when It fannaite. This Bolt is froquenlly ««d in tosUng metollio comimunds 
by tho bhtw*pipu, iKumuHO when igiiittHl it loavoB a vitrooua metaphoapUate, NoPOg, 
'which, liko horns, di»»tilvoH motttlUo oxides, (iirudug clumwvtaviKUo Uulod Klaswea. 

When a Bolution of triwaliiim phoHphivto b tuldwl U» a iiolution of anuignmiuni aaltlt 
gives a whito procipilaki of Uw normal orthophoBphato MKj(I’04hi7H90. If the trJ. 
aodlnm mUt l>e ruplawHl by Urn ordinary Ball, N«'4lH’04, a tinadpitaUi vb (dao formed, and 
Mglll'Og, 71180 is obtained. It might bo tlionght Umt Uio nonnul salt Mgg(P04)8 would 
b® pmipitaM if diwdltun phosphi^ wm added to ammonia and a sedt of mognedum, but 
to r®al% ammembm mofinmium orAqpho^haie, MgNH4^O4,0H#O, i# pc#dpltat^ a« 
a fityttoUbM jpowd«c, whl^ 1 o«m ommmda and -mim whan and gi'vea a pyro- 

Mj ^ flOy- Tbh Mlt ooM» to mtore m th* nstomd ataru'dto, and to variems 
ptodooto cd the dhangea dt imimal matter, If wp oonddw that the ohore salt ports with 
ommonift wiUi dlffloid^, and ttmt Urn ooorrMtponding oolt of Boditna is not formed under 
Hm «uae wmdiUon* (IdgNoPOstOnsO to obtained by th® action of mognoBia on disodlum 
phoeiihato), if wo turn our attention to tho fact that the aolta of caloium and barium do 
mt form (huihlo sidto m wwily twt magnesium, and KimomlHir tinat the Balts of mag- 
BOftlum in gimi'rol eoidiy form doublo ammtmium snitii, wo aro led to Uiinlc that this 
•oil is r«>t nsUly » normal, but an iwid wdt, oomssiioniUng with NosIli’Og, In which Nog 
to repiftoed by ^o winivident group NlIgMg. 

Tho oomnum mwnMJl atkium jih>siphtUi>, 009(1^4)®, (aicurs in minerals, to aatomia, 
etpedally to bonw, wmI also protm.hly in jdontu, alChongh Uto wdi of many portion* of 
jtoaftl#, M tt rulo, cemtsina leas limo than Uio fonualion of the normal salt requbroft, Thtm 
100 of lh« Mh {fy«M e,«KW porta of BTsln) of ry« groin oontato trs el pho^herio 
imhydrido and only M of tlmo, and mm the »*h of the whoto of th® rye (toetodtog tho 
ctaraw) wntotn# twice m muol» phosphorie ardiydrido m IkM, and tho normal salt oontotoe 
^tm mt aqunl weigh!* of Wwse sulwlweea. Only the wh of graeaee, and espooially of 
dtevw, and of tr«», to toe majority of oft»e» mcaro Uma than la required for tho 

l oTOfttim of Xhto salt, whidb I® toaolubto to wator, diaaohw even to auoh 
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tion of Xj by oxygen and X3 by three hydroxyl groups. The samft 
type appears in POQlj, PCIs, PFg, &c. And if. we recognise phos* 
phoric acid as PO(OH)a, we should expect to find three anhydrides 
corresponding with it : (1) [P0(0H)a]20, in which two of the three 
hydroxyls are preserved; this is pyrophosphoric acid, H4pa07. ( 2 ) 
P 0 ( 0 H) 0 , where only one hydroxyl is preserved. • This is metaphos* 
phoric acid. ( 3 ) (POljOa or PaOj, that is, perfect phosphoric anhydride. 
Therefore, pyro- and metM-phosphoric adds are imperfect a-nhydridea (or 
anhydro-acids) of orthophospJioric acid.'® 

feeble acids as acetic aud stdpbusoua, and e^en in water containing catbonio acid, 
latter fact is of immense importance in nature, since by reason of it rain water is able to 
transfer the oaloitim phosphates in the soil into eolations which are absorbed by plants. 
The solubility of the normal salt in acids takes place by virtue of the fonpation of on 
acid salt, which is evident from the quantity of acid required for its solution, and moro 
espedaily from tire fact that the acid solutions when evaporated give crystaUiue scaleo 
of the acid calcium phosphate, CaH4(P04)3, soluble in water. This solubility of the acid 
Bait forms the basis of the treatment by acids of bones, phosphorites, guano, and other 
natural products oontaiuing the normal salt and employed for fertilising the soil. Tho . 
perfect decompoaition tequirea at least 2H3SO4 to Ca3(P04)2, but in reality less is taken,, 
so that only a portion of the normal salt is converted into the acid salt. Hydrochloria 
Skovd is sometimes used. (In practice anch mistures are known as auperpho^haiea). 
Certain experiments, however, show^that a thorough grinding, the presence of organic, and 
especially of nitrogenous, substances, and the porous stmoture of some calcium phosphates, 
(for example, in burnt bones), render the treatinent of phosphoric manures by acids super* 
fluous— that is, the crop is not improved by it. 

In this sense the ortho-acid itself might be regarded se an anhydro-^id, counting* 
P(H0)5 as the perfect hydrate, if PH5 existed ; but as in gene^ the normal hydratqs 
correspond with the gating hydrogen compounds with the ad^tion of up to 4 atoms of 
oxygen, therefore PH3O4 is the normal acid, just as SH3O4 and CIHO4 j while NHO5, 
C^Os are meto-aoids, or higher normal acids (NH5O4 and CH4O4) with the loss of et 
molecule of water. 

In order to see the relation between the ortho-, pyro-, and meta-phosphorio acids, th& 
first thing to remark in them is that the anhydride PgOj is combined with 8, 2, and 1, 
molecules of water. In the absence of data for the molecular weight of ortho- and pyro* 
phosphdiio acids it is necessary to mention that all existing data for meta-phctsphorio acid 
tu$oate (Note 21) that its molecule is much morS complex and contains at least HjPsOg, 
ovH^eOig.. The explauatidn of the problems which here present themselves can, it seems 
to me, be only looked for after a detailed study of the phenomena of the polymerisatlona 
of mineral substances, and of those complex acids, such as phospbomolybdio, which wo 
shall hereafter describe (Chapter XXL) A similar instance is exhibited in the soluhility 
of hydrate of silica (produced by the action of silicon ilaoride on water) in fused m6fai> 
phosphoric acid, with the formation, on cooling, of on octahedral compound (sp. gr., 8*iy 
containing SiOg,PaOj. A certain indication (hut no proof) that ordinary orthophos*. 
phoric acid polymerised is given by Staudenmaier (1898), who obtained a salt. 
KSH4P5O12, by the action of a solution of KH2PO4 upon KgCOg ; and a compotmd. 
KHsPgPa, corresponding to the doubled molecule of H3PO4, by the action of KB^PO*, 
upon iteelf. 
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Pyrophosphorio acid, H4P2O7, is formed by heating orthophoa- 
phorio acid to 260 ° •when it loses •water. Its normal salts are» 
formed by igniting the dimetallio salts of orthophosphorio acid of 
the types HMijP04, Thus from the disodium, salt we obtain sodium 
(pyrophosphate, ‘NomPaOY (it crystallises from water with lOHaO, is 
very stable, fuses when heated, has an alkaline reaction, and does not 
form ortho-salts when its solution is boiled) ; and from the mono- 
sodium salt NaH2P04 the acid salt NajHaPaO^ (easily soluble in 
water) is formed ; this has an acid reaction, and when ignited further 
gives the mota-salt.*° 

Metaphoiphono acid, HPO3 (the analogue of mtrio acid), is formed 
by the ignition of tho .pyro- and ortho-acids (or, better, of their, 
ammonium salts), as a vitreous, hygroscopic, fused mass (glacial phos-' 
phorio acid, aoidum phosphoricum gladale), soluble in water and, 
volatilising without 'decomposition. It is also formed in the first, 
slow action of cold water on tho anhydride, but motapUosphorio acid 
gradually changes into tho ortho-aoid when its solution is boiled, or 
when it is kept for any length of time, especially in the presenqo of 
acids.®* 

According 1)0 Watson (1S08) the oddio-aeid is portlaUy transformed into the 
pyro-ooid at 980°, whilst at 900° the latter begins to volatilise. At 800° the meta-acid 
only li fomod. 

•° TJ 10 nvothofl of preparation of the acid itself oonsists in converting the Bodium Baltic 
Na 4 t’ 907 , by double docorapo«ition with wntcr and a salt of lead, into inaolublo load' 
pyniplumpliald, rbaPaO,, wliioh is then suspended in water and dooompoaod by sulpbur- 
etU«l hydrogon ; load Bulphido is thus jiccoipitated, and pyrophosphorio acid remains , in 
solution, This ■solution oannol bo heated, or the pyro-ocid will pass into tho ortho-, bub 
must be evaporated under tlic rooelver of an air-pump, It oonoontratos to a syrup and 
cryataUises, and when Ignited In this form loses. 'water, and forms metaphosphorio acid, 
It resembles orthophosphorio odd in many respeets i its salts with the oUcalis ore also 
eolnble, and the otliers insdluble in water but solnble in acids. When heated in solution 
with acid it gives orihophosphorie add, as weU as when fpsed with an excess of alkali. 

Witt healed ammonium chloride with phospborio add (hydroehloric odd was evolved!, 
ipilted the residue to drive off ammonia, and obtained pyrophosphorio odd in the 
residue. 

*> As when using phenolphtiialoin as an indicator in neulralislng by on alkali meto- 
phtmplitint! acid im ruonoltasio, and orthopboaphorio odd is biboaio, it is possible by moons 
of Uiis dideriiiu'e to fnllew tlio trandlion of moto- into orliio-phcHpliorio acid. Babalior 
(lB8fl) carried iin an invewtigation of this nature, and found tlial UiO rate of transforma- 
tion is dciHuideiil on the t«mi>erature, and is Bubjoet to tlic general laws. of the rate of 
ehemieol tmimfomiations which Iwlcngs to pliydoal chemistry. 

Metaphospheric acid has a particular interest in reapoot to the variations to wWdl 
Us bv the imvltien ef the odd ordlO- 


6 .ir, and gives a gelatinous preciptate with salts of the alkaline earths. But, as Graham 
(in 1880-40), and many others, especially Fleitmann and Henneberg (in 1840-60), and 
Tanunan (in the nineties), observed, under, other conditions the salts of the some com* 
position Bicquire other properties. The above chemists recognise five polymeric forms of 
metapkosphates, (HP 03 )n. "We will follow the nomenclature and researches of Fleit» 
mann. 

Monomeiaphospltorio acid. The salts are distinguished for their insolubility in 
■water ; even the salts NaPOj, KPO 3 , are insoluble. They ore obtained by igniting the 
monometallio orthophosphates — for example, EH 2 PO 4 — ^up to the temperature at which 
all water is evolved (816°), but not to'fusion. No double salts are known, 

JDimetaphosphorio acid, on the contrary, easily forms double salts — tor example, 
KNaP 20 a, and also the copper potassium salt, &c- The copper salt is obtained by evapo* 
i:ating a solution of copper oxide in orthophosphorio acid. A blue ortho-salt, CuRHO^, 
first separates from the solution, then a light-blue pyro-salt, CuaP 207 ; and above 860°, 
when metaphosphorio acid itself _ begins to volatilise, the dimetaphosphate, CuPaOo, is 
formed. The residue is washed with ■water, and decomposed with a.hot solution of sodium 
enlphide, when the sodium salt, Na^^jO®, is obtained in solution., This salt, when evapo- 
rated with alcohol, gives crystals containing 3 mol. HjO, which, however, retain their 
solubility (in 7 parts of ■water) after the water is driven off. at 100°. When fused, these 
crystals give a deliquescent salt (hexsrmetaphosphate). The solution of the salt .has 
neutral reaction, which only after ^prolonged boiling becomes acid, o^wing to the forma- 
tion of orthophosphate, NaHaP 04 . The soluble, salts of dimotaphosphorio acid give the 
insoluble silver salt, AgaPaOj, with silver nitrate, and a precipitate of BaPjOaSHaO 
with barium chloride. 

Trimeiaphosphorio acid is obtamed as the sodium salt NasPjOo when any other 
jnetaphosphate of sodium is fused and slowly cooled, then dissolved in a slight excess 
of warm water, and the resultant solution evaporated. The crystals contain 6 mol. HaO, 
and dissolve in four parts of water. An add reaction is only obtained, as with the pre- 
ceding salt, a^er prolonged boiling ■with water. The add is a true analogue of nitric 
add, because adl its metaUio saMs cure soluble. 

Hecoametaphosphoric acid. Fldtmaiun so named the ordinary metaphosphorio acid 
(glacial) which attracts moisture. The deliquescent sodium salt is obtained, like the tri- 
metaphosphate, only by rapi^ coohng. It is also formed by fusing silver oxide with 
on excess of phosphoric acid. The sodium salt (s soluble in water, aud gives viscous, 
elastic predpitates with saltfl'of Bo, Co, and Mg. Imbert (1898) obtained salts of Ag, 
Pb, &c. 

Jawein apd Thillot (1889), who investigated the sodium salts of metaphosphorio add 
by Baoulfs method, came to the oouclusion that the salts of di- and tri-metaphosphorio 
acid behave in such a mannet that their molecule must be represented as non-polymerised 
KaPOsi wWlst those of hexametaphosphoric add behave as (NaPOs)!, At .all events, 
£he setiei^ of salts whioh Fldtmonn. and Hennehe]^ regard as monometaphosphates — is, 
fts non-polymeriaed— axe most probably the most polymerised, because they are in- 
soluble. 

According to Tamman's researches, vitreous metaphoqhorio add contains a mixture 
consisting chiefly of two varieties, diSering in the solubility and degree of stability of 
their salts. The least stable corresponds to Mdtmann’s hexa-add, and gives three 
isomerio salts. Tamman came to the condusion that there exist polymers also in the 
form of penta-, ortho-, and deca-metaphosphoric adds. Without going into details upon 
this subjeetj I do not think it superfluous to point out that the undoubted capability of 
metaphosphorio add to polymerise should be oonneoted with its faculty of combining 
with, water, whilst the degree of polymerisation and the number of polymeric forms 
tanncit yet be coneideted as sofSoiently explained. 



aoia suouiQ uo oioasic ii ortBopnospnonc acia was tnuasio, an 
hypophosphorous acid sliould bo monobasic. This conclusion ii 
in fact, tmo, and bonoo all tho acids of phosphorus may bo roforrc 
•to ono common typo, PXg, whoso roproscntativos aro PlI^I an 
PCl8,POCl3,PC4F3, &c. 

Phosphorous acid, PH3O3, is generally obtained from phosphoni 
trichloride, PCI3, by tine action of water PCI3 + SHgO t= 3 HC 
4- PHgOa. Both acids formed are soluble in water, but are easil 
separated, because hydrochloric acid is volatile whilst phosphorou 
acid volatilises with difficulty, and if a small amount of water b 
originally taken tho hydrochloric acid nearly all passes off diroctlj 
Concentrated solution.s of phosphorous acid give crystals of H3PO; 
which fuse at 70 ", attract moisture from tho air, and deliquesce who 
ignited, giving phosphine and phosphoric acid,*’* and ore oxidised int 

TI 10 biLauUy of IIjPOj, ostoblifthed by Wlirt*, htm boen provwl by mwiy Cirw 
cxperinianU (sm, for instiiuiQe, Note 29), among whiob wo may mention that Aumt (169! 
took a mixture of tbe oqneoua oolaUona of No^HPOs and NoillO and added abeolul 
aloohol to It. Two kyera wore formed 5 tho upper, aloohoUo, contained oil tho oxee* 
of NoIIO, whilat the lower only oontainod the eelt No^HPOa, whldi was therefore unabl 
to renot with Um exoeee of NallO. Amat oleo obtained NallaPOa by Baturating H 3 PC 
with eodiv until ha obtained a nautnU reaction with motliyborongo. Tho roplaoomen 
of ono aUnn <if II by aodium hero, as in phosphovio acid (Note 10), give# more boat tlia 
Uio roplttconiont of llio eooond atom. For Uio Uvlnl atom tliore is no formalioiv of a «al 
and thoroforo no evolution of lioat. Tho monoinotollio eolta — for oxami)lo, NallaPOa — 0 
the ammonia saits, wlion heated to 100'’, give, a« Amat had proviouHly eljown, a ad 
of bibatio pyrophoepboroue ooid, NosIlgPgOa. 

PhoB^iorotti add, when uubjeoted to the action of nanmnl hydrogen (dno and mil 
phuflo ooid), evolve* phoe^ine, and when boiled with on exeee# of alfcall It evolve 
h^^vgen (PHaOa + flKHOwPKaO^+SHaO+Hj)) owing to iteliablUfcy to mddation, It i 
a reducing agent— for Instonoe, It toduoee ouprio elJoride to ouproua chloride, and pro 
oipltati* silver from the nitrate and maroury from it# eoHe. 

Tlieso reaotione are iwhap# ooimooted with the foot that in tins acid one atom 0 
hydrogen elwuld be considered as in the same condition oa in idioepburottad hydrogen 
which is exiiroBRed by Urn formula VllOlOll'k, if wci roproBoht it as PHiX, witli tlio sub 
etituUon of two of Um bydrogtm atoms by oxygon and of IIX by two of hydroxyl. Tin 
direct passage of pbospborou# eblorido into plvosphorou# ooid would, Ivowover, iudicat 
that all tlio Utreo atoms of liydrogen in it cKxmr in the fonn of hydroxyl, booauso m 
differenee is known Iwtwoen the Umm atom# of elilorine in PGI 3 — Uiey oil react alike, a 
a role. Howevw, Mim»lmtkln, by acting on oleobol, CgllsOH, with phosphorou# chlmridc 
obtained hydroehlorio add and a substaneo P(GgIIaO)Gl 4 , and from it by the aeUon 0 
bromine he obtained ethyl bromide, compound PBrOd#, whJoh prove* 

to ft eertoln Mtent, the mcietene® ol a diSereaee betwMin the three atom® ©f ehlorbae fr 
pboitplioTOBfl ehloride. If we turn our ettefciffla to the formaMoo of fdioqphhie by thi 
IgOiMen of phosphoron# odd, we »e« that 4PH808 only evolve SS in ^e form of PHa 
«a thereforo the ir««ldn«— that k, 8 PHa 04 —JwQl eontein one hydrogen of th< 
vane notare in phoephUte, booo^ in VPBaOi w« ehonld reoogniee four enob hydra< 


luajcirity n! othiir metalR. 

Thci niouybftsic h^jfmphmphowtg tst-id^Vll/'ig^givvn wits FiIgO.|Nn^ 
(PHaOj)|Ba, &o, ; this two j'emiuiung iiUHtw of hytlrogi'tt (wliich 
txist in th« same form as in phosphini', PH,-,) nr*’ not ri'plurriilib* by 
rnfltals, nntl fchii dott^nuinoH tlio jtrnpfrty of iJionn mtUg of m-olving 
plinsplnm'ttal hydrog«'n whm ln*ni*Hl with silkiiHa). In 

ftctiiig nil aulif»tn!n'i'H liahh' to rmiurtinu it in thin hyilrngi-n wliirh arts, 
fttitl, for oxtujtph*, roitoYsi gnlil nml uirmiry from t}m wiUititnri of 
their snlt*, or converts cupric iritoctiprtnm ruiUt. In ftl! thrE*«» instmutm 
tho ItyfvophoiphartiUi ncJd ia otnivortwl into p!n«phmit* Umler 

tlio action of *ino and eulphuria ncid it givt *8 phonphiim, Never* 

fcl»k«*, ntithor hypopotphorous acid nor its dry »dtfj aliacirh oxygen 
from ths ftlr. Th© aalta of hypophoaphorooB acid ims nwr® »tlultlw 
than th^e of tho prtKiading acids tif phtstphomt. TItua th« itnUuro 
©alt PNallgOj docii not give a pro<*ipitate with liarium chlorido, and 
tiiQ Balts of calcium, harium, and many ttlher metala imi Bedulile.** 
Tlio liyfiopluMsphitca aro prcparml Ity boiling im alkali with phi»phorBt 
to long as plnwiphurottwl hydrogen ia «volvit»d, Tho luiid itisolf ii 
obtakiod from barium bypophosphito (prej»ar»d in the samo wanner by 
boiling phosphorus la Imtyta wat®r)» by deoOiupodng ita jwlution with 
tuipburle add. By eonoontmtion of th® toIuUon of hypopIiMphonw 
acid (it must not b® hoatod above ISO"*, at wbleh temptraturtii it 
dtcompoia) a eyrup k formid whieh k able to cryitiaii®#. In tho 
toHd fitato bypophewphorous acid fust* at + 17”, and haa tlio properti» 
of a clearly defined acid. 

Tho typos PX 3 and PXg, whicli ao' evident for tlio Uyiln*gon and 
oxygon oompounda of phosphorus, am uirmt tilearly hihui in ita halogen 
eompouada,*^ to tho oonaulcratioa of which wo will proeiicil, flsirig 

PM M ta W« lUfrivB «.( tb« mam (swwtiaini ^ ile«j«»pi»itkia 

of kSTMpbwqphwwis «*M, IPHs-Oa^PUj+Flb^e la Iw mdteeatoet lb*i »««o» 
mW kken, tb«w wa ««dy two atetas ef hyAs^ae by 

ai*l84%wk™ la th« lacdsouk ol the rotultaat p4io«ptw»te mM tbtw mm tet®, B»rhi^* 
of MtaM detocmiuo tbc r»k,Uw stobtUly of Uta di>MtAUio Mttg ei wthe* 
pbotphorie fteld, 

^ Caldttm bypoptoapbfte fa usW lu Ae«wdteg to Catwl, 6 mSsiaw of 

sodium hypoi>hoiid»to, NtiypChi wid sodiswn ttitro.t« «X|ikKte8 

«« Pluorine md l«romJn« givo I»Xa «.atl PX|, llJt« chbrlno. Wllh to feidta© 

PIj l8, la a. chemieia wjiwb, & very uMtoblu Bubstoac®, wul gimemlly photptmm id- 
iodide only 1» formed (fwmi yellow or r«l idiostdioms ««1 kKllau In fc# rt^ulrtto pnjfwf. 
Ifaas). It l8 a retl crystallluo eulistonoB, fuwB at-M'*, la ewHy dewmi«^ bf water, 

, fewsstof pbonphorotw ami bydrbdlo »^d«, wui wlian h««teA U ftwdvfa ImHa# m«>ws» 


Phosphorus bums m cnionne, torming pnosphorous chloride, PQ/lj, 
and with an excess of chlorine, phosphoric chloride, PCla. The 
oxychloride, POCI3, as the simplest ohloranhydrido according to the 
typo PXj, and also phosphoric chloride, correspond with orthophos- 
.phorio aoid, PO(OH)3, while phosphorous chloride, PCI3, corrosponda 
with phosphorous acid and the type PXj. Phosphoric oxychloride, 
POOIg, is a colourless liquid, boiling at 110®, Phosphorus trichloride 
is also a colourless liquid, boiling at 76®,*® 'whilst phosphoric chloride 

manner ab the preaeding by taking a etnoUor proportion ot iodine (8 parte of iodine tc 
I part of pboephorue, wbilet the trl-iodido reqnlroe iSi’C) ; it olao forme rod cryatale, whioh 
melt at 110®. Wlion dooompoeed by water it not only gives phoaphoroue and hydriodic 
Aoidei bat also phoepbino and a yellow eabstanoo (a lower oxide of pboephorue). In Iti 
oompoiition di-iodido of phoepborue oorreeponda with liquid plioaphuretted hydrogen 
PHj), and probably ite molooulox weight is much higher : or Fgl«, (&o. As tho io^m 

oompounds of phospborue give byddodle and pboephoroua aoida with water, and as boU 
these subaUnooH ore reducing agents in the presence of water (and hydrates), iodide 0: 
phoaphorua oluo aote aa a reducing agent. 

» In a liquid state the doufdty of phosphorous chloride at 10®aI'B97, and therefon 
its molecular volume k>187‘6/1'607i» 8(1'0, and that of phosphorus oxychloride Is equal k 
168'0,‘l'6Q8eiOO‘7 i henoe the addition of oxygen has produced oonsldorable inoreose it 
volume, just as in Uie conversion of sulphur diohloride, BCh, into sulphnryl ohloride 
SOOI9, tho volume ehongos from C4 to 71. It la the same with the boiling-points } phoo 
phorua trichloride boils at 70®, the oxyeWorido at 100°, sulphur diohloride at 04®, anc 
eulphuryl ohloride at 78®--that is, tho addition of oxygon raisoa the boiling points. 

The vapour demitf/ of pliosphoms trioblorido and oxyoldorido corresponds with thei 
formula) (Cabours, WUrU)~namely, la equal to half tho molecular weight referred k 
hydrogen. But it is not so with phosphorus pentachlorido. Caliours showed that th( 
vapour density of phosphorus pontoohlorldo referred to nir «» O'05, to hydrogen •■ffS'fl 
whilst oQoordlng to tlie formula PClt it sboiild be >» 104'9. Henoe this formula oorre 
spemds with four, and not with two, moleeoles. This sbowe that the vapour of phospborii 
ohloride contains two and not one moleonle, that in a etate of vapour it splits up, Uki 
eal-ammoniao, sulphurio acid, Sm, The produota of dieraptlon must here be phosphoroui 
chloride, PCI#, and ohlorbe, 01#, bodies whioh eosily re-form phosphorio ohloride, POl) 
At a lower temperatuirc. ^s deoomposltion of phosphorio chloride in ite oonversioi 
Into vapour is confirmed by the fool that the vapour of this ahnost oolouriess subatanoi 
ehows the greenisli.yellow colour proj:>ar to chlorine. Tliis dissociation of phosphorii 
eldorido baa been oousidered by eomo obomisls as a eign that phosphorus, like nitrogen 
does not give volatile oompounds of tho typo PXj, and that suoh suhstonoes are onl; 
obtained as unalable moleoulor oompounds which break up whon disliUed ; lor example 
PIIg,ni, rCljiCla, NHj^ICl, &o. To prove that the molecule PClj actually exisli 
WUrta la 1870 observed that when mixed with the vapour of phospboi^oua ohloride Ur 
vapour of phosphorio ohlorido distils over (from 100® to 100®) perfeoUy oolourleee, am 
has a density whioh is really near to the formula— namely, to 104 ■— and the some dimei^ 
was determined for l)t« pentaobloride in on atmosphere of ohlorine. Hence at I01 
temperatures and in admixture with one of the pr^oote of dleeodotioa, there is m 
longer that deoomponitlon, whioh ooovms at higher tempesoturee—that is, we have heed ( 
ease of dissooktion proceeding at moderate temperaturee. 

An important proof la favour of the type PX» is exhibited by phosphorus pente 
duoride PFj, obbbed by Tb««pe ^ a eolourlew gas whioh only oorrodee glass afl« 


ohlarlne. tf tho pluBplionw Ik« in PXiwa, Hijuul pfi>mpk(*mM irl- 
I’Cl.i, i«i lUwtiyii liut if th«» rh)«*rina l«,t in t'ictww th# 

solul jit'istnrhluridt* iri Tin* triidjluridc! ia g«n»»mlly pm- 


tftinini mml luul ttbrnphoruii. Thn rt>t<>rfc h th*’ |»h» 


(puriflftd by cliitillfttwn). l’{»«.'iphor*.m8 ciiwri<i« c«nutini»i dinwtly with 
oxygon, but nioro rapidly with oa^no tir with tho oxygon of |wyt*4um 
chlurato -f KCIO^ SPoClj -P KOI), hmulug phtt^phorm <w^- 

Mtn'uk, I'OCh (hriMlio). Thw com^Hiund is rIm furtutnl by tho brat 
aotiou of water tiri phcMphorio ohlorido j for exwttplo, If twn viimkiIii, 
on© ooatoinlng pbo^phorio olilorido and tbo otlwr w&Uir, pkc«l 



PClg 4" HjO w POCla +■ 2HGi, the rwult Uting that Ii(|uid phosphom* 


•thii JapK! of limo; ii may 1«t kopl ovtir rtu-rciiry, w«1 h»iB u aumm) U N fi*rOTi^ 

wbott licjuitl arswiiio tiiilunritit*, AnP^, ia fultUwl l<» i*lyiajilni»ri« ildiaitk' surnannW by & 
Rustoie : SPClj, 4 BAnFs-™ HPF* t BAat'-la, 

la patwraJ, fluorine wul plitwiiilinru# Kiveai&ttlB «nHt«»oo»k! I'F*, wnl I‘Ff„ 
M woflM be Wfftoted f*wa Uto tbal to pwaioK ttum Cl lo I (w, w tbe iJkwila 
w*l#i of baretm) th« ^*UUty to wilb V ftwl Hw tewtisaiy 

t 6 #roPX*CK 0 teM) 4 i«SM««fc by bcAUag a wi«te» 

et iW| B 3 ^ by to neBon c 4 AeFg Bp«« S*Ol|(» b»li^ pb<«i»bi 4 » df eojfwr 
vrWblWt,l|«. tt hi «, »k«f p», whhh Ibjwflw a« -lo® » fufwwa®* 
of «0 fttaao#»«5W» a edoarlewi JJqaid, U d Ww to {h aiwrW hf^ 

MftdW witii) wi«, B«a aete ape* gb«j wlm »t«d with O® it «»ik»wi witb 11 
0 Poal« 0 , 1801 ), fonatog POlfF#, a edbarkm et mmml dtarilf, wlifah i» iraa*- 
foTO«a toto a liquW at d««>«pofe» lalo Pf 94 - Cttg a* W*, »»di, with a •mall wiwBat. 

©f watof, giv« oa^.ytworiffo ot ptoaptowaa, POfg (wWb a k*i« wmt of wiA«y II 
PH#Od, wWoh Hokes* (1801) obtobwa by U» Mttoa erf Hf b|k« PfC%, m»J Tbotf*. 
fta 4 Tu|toB.( 18 fi 0 ) by boaUag a mklat® ol ©.^folSto mA PA* SI h » p* «rf 
daasily, Itka PFg, e*d wm obtoiud by MoigHw by to e««te d Pf> ^ 

CPSF^-M# CbAplw XiL, Note SO). Thus to fettma aaA wM aatlA te tr^f 





wnoo POCla roaots with water (SllaO), torramg 3 HGI and phosphono 
acid P0(0H)3. 

The above cUorino compounds servo not only as a typo o? the 
ohloronhydrides, but also os a moans for the preparation of other 
mid cKLoranfiydridm. Thus the conversion of acids XHO into chlor- 
anhydrides, XCl, is generally aooomplished by means of phoap/iorm 
pontacMorido. This faot was discovered by Chanoel, and adopted by 
Gerhardt as an important method for studying organic acids. By this 
means organic acids, containing, as we know, ROOOH (where R is a 
hydrocarbon group, and where carboxyl may repeat itself several times 
by replacing tbo hydrogen of hydrocarbon compounds), are converted 
into their chloranhydridtis, RCOCl. With water they again form the 
acid, and resorahlo the ohloranhydrides of mineral acids in their 
general proportios, 

Sinoo carbonic aoid, CO(OH)a, contains two hydroxyl groups, its 
perfect oHoranhydride, 0001 *, oarbonio occ^/Moride^ carbonyl chloride 
or phoagem gas, contains two atoms of chlorine, and diflfers frocqi 
the ohloranhydrides of organic adds in that in them one atom of 
chlorine is replaced by the hydrocarbon radicle ROOOl, if R be a 
monatomic radicle giving a hydrocarbon RH. It is evident, on the 
one hand, that iu ROOCl the hydrogen is replaced by the radicle 
OOCl, which is- also able to replace several atoms of. hydrogen (for 
example, 0*114(0001)* corresponds with tho.bibaaio sucoinio aoid) j 
and, on tibo other hand, that the reactions of the ohloranhydrides of 

Fhovptotua oxyohlcrids la oblmiaed by the iwUoa ol pbosj^orio oKbrida <m 
bydirtitoa ol ««ide (beonnse sUcoUt deoompoiM pbotpboirtui oxyohloride), Mooidiiig to tibe 
4Hjaii,UonP04+BkO®P001|+B01+HOl, where BHO le on edd. The reoeyoa only 
proeeede according to tola equoMon with numobMio oolds, bat then BOl is volatile, and 
tbmfom a mixlnto ia obtabed ot two volatile substonoeH, the odd chloride and phos* 
phoroB oxychlorida, whbh ora Bometiraea dilllonlt to separate} whilst if the hydrate 
Icm polyboftio Uie reaistitin IrwiuonUy prooewla so that on onliydride ia formed ! 
EiIaUa-(-l'Ch»»EC) + ruCb+3U-til‘ If tlio anhydride bo non«valatilo (like boric), or 
eoiily doocjiniioBml (like oxolio), it b easy to obtain pare oxydiloride. Thu» phos* 
oxyddoride l« afton preporod by ooUng on boric or oxalic odd with pbospborio 
It ia dao formed wb«*» the vaiwur of phosphoric chloride ia poaoed over 
pbotphwie anhydride, IVlg This fotma on wceUmt example b proof 

ot the foci that the femation of one eubetacon from two dow not neee8as«% abow 
the readtont compowd oontaba the moleodM ol these •nbalonew b tto BHteUla Bat 
othia oxyddoritIftB of itoephopns axe also termed by the totwoettes of phowtiddo 
drid# and chloride; tha# at W’ the ohleronbydride, PO9OI, or ddoraehydside of met*- 
pboepherb odd, is formed (O-aatavaon). The dWwoahydiiMe d MKi^^mspharte 
B*&Gl 4 , woe obtftbed (Hoytwr and Ml Audi*), tether witti MOCl, by the aotioa 

NO uwm cold POU. ft» a fambg Bsaid bdWag «l WO*f 


exposed to the actioQ of light, and forms a colourless gas, which easily 
condenses into a liquid, boiling at -f-S®, specific gravity 1*43, and having 
the suffocating odour belonging to all Chloranhydrides. Like all chlor- 
anhydrides, it is immediately decomposed by water, forming carbonic 
anhydride, according to the equation COOI 2 + HjO = CO 2 + 2HC1, 
and thus expresses the type proper to all chloranhydrides of both 
mineral and organic acids.®** 

In order to show the general method for the preparation of acid 
chloranhydrides, we will take that of acetic acid, CHs'COOH, as an ex- 
ample. Phosphorus pentachloride is placed in a glass retort, and acetic 
acid poured over it j hydrochloric acid is then evolved, and the sub- 
stance distilling over dire(rtly after is a very volatile liquid, boiling at 60°, 
and having all the properties of the chloranhydrides. With water it 

The direct action of the snu’s rays, or of mignesimn h'ght, is necessary to staiit the 
Reaction between carbonic oxide and chlorine, but when once started it will proceed 
Tapidly in diffused light. An excess of chlorine (which gives its coloration to the 
colourless phosgene) aids the completion of the reaction, and may afterwards be removed 
"by metallio antimony. "Porous substances, like charcoal, aid the reaction. Phosgene 
may be prepared by passing a mixture of carbonic anhydride and chlorine over incan- 
■daacent charcoal. Lead or silver chloride, when heated in a current of carbonic oxide, 
also partially form phosgene gas. Carbon tetrachloride, CCI4, also forms it when heated 
■with carbonic onhyiide (at 400°), with phosphoric anhydride (200°), and most easily of oil 
with sulphuric anhydride (2S03+CCl4 = COClo + S405Cl.j,thi8 is pyrosulphuryl chloride). 
•Chloroform, CHClj, is converted into carbonyl chloride when heated with S02(OH)C1 
(the first chloranhydride of sulphurio acid); CHCl3+S03HCl'=00Cl2 + S02+2HCl 
(Dewar), and when oxidised by chromic acid. 

•Among the reactions of phosgene we may mention the formation of urea with 
• ammonia, and of carbonic oxide when heated with metals. 

^ We are already acquainted ■with some of the chloranhydrides of the inorganic 
acids — for instance, BCls, and SiCb — iind here we shall describe those which correspond 
■ ■with sulphurio acid in the following chapter. It may be, mentioned here that when hydro- 
chlorio acts on nitric acid (aqua regia, VoL L p. 467) there is formed, besides chlorine, 
the oxychlorides NOCl and NOjCl, which may Be .Regarded as chloranhydrides of nitrio 
and nitrons acids (nitrogen chloride, VoL L p. 476). The former bofis at —6°, the latter 
at -t6°, the specific gra^vity of the first at — 12°=1'416, and at — 18°=1‘488 (Geuther), 
and of the second ^i-S; the first is obtained from nitric oxide and chlorine, the second 
^m nitric peroxide and ohlorine, and also by the action of phosphoric chloride on nitrio 
add. If ttie gases evolved by aqua regia be passed into cold and strong sulphuric acid,- 
they form crystals of the composition NHSOj (like chamber crystals), wliich melt at 86°, 
and with sodium chloride form acid sodium sulphate and the oxychloride NOCL This 
ahloranhydride of nitrio acid is termed vxtrosyl chloride. 

Cyanogen ehlorida, CNCl, is the gaseous chloranhydride of cyanic acid ; it is formed 
fey the action of chlorine on aqueous mercury cyauide, Hg(CN)2'+2Cla=HgC5l9-f 2CNC1. 
"When chlorine acts on cyanic add, it forms not only this cyanogen chloride, but also poly- 
xnerides of it — a liquid, boiling at 18°, and a Bolid,‘boiliiig at 190°. The latter corre- 
sponds with cyanuric add, and consequently contains C3N3CIS, Details concerning thesa 
substanoes must be looked for in works on organic cbemi^ry. 



PCla should be as follows : CH3*COOH+PCla=CHa'COHCl2+POCl3. 
But the compound CH3 COHCI3 does not exist in a free state (because 
it wovild indicate the possibility of the formation of oompounds of 
the typo CXg, and carbon 'only gives those of the type GX,,) ; it 
therefore splits up into HCI and the chloranhydride CH3’COCl. The 
general scheme for the reaction of phosphorus pentoohloride with 
hydrates ROH is exactly the same os with water ; namely, ROH with 
POI9 gives POOla + HOl + ROl—that is a chloranhydride.sa bia 

Containing, os they do, chlorine, which easily reacts with hydrogen, 
phosphorus pentoohloride, trichloride, and oxychloride enter into 
reaction with ammonia, and give a series of amide and nitrile 00m- 

’>*" Thia roaotlon inclood proooodft very easily and completely with a nurabor of 
bydroxidoH, if tluiy do not reoot on hydrooldorio acid and phoephonis oxychloride, wliioh 
• is the ease when they have alkaline proportiet^ When the hydroxide io bibasio and 
is present in oxoobm, it not unfrociuontly liappons that the elemotits of water are taken 
up : K{OD:)a + PGU ^ RO + 91101 + POOlj. The anhydride RO may then be oon- 
verted into chloranhydride, RO + PO1 j«=>BG14+P0C1b — that is, phosphorus ponto- 
chloride brings alwut the substitatlon of O by Clj- Thus carbonyl chloride, OOOlg, boron 
chloride, flBOla, ood sucolnio chloride, 04H40«01a, &o., are respectively obtained by the 
action of phosphoric chloride on carbonic, boric, and snocinio anhydrides. Phosphorus 
pentocliloride reacts in a similar manner on the aldehydes, ROHO, forming EOHOIg, 
and on the ohloranhydrides thomBelvos— -for example, with aoetio chloride, OHj'OOOl 
(when lusatod in a olosod tube), it forms a eulmtatuHi having the oomimsition CHj’OOlj. 

Phosphorus trtclilorido and oxychloride act in a similar manner to plmspliorio olilorido. 
Whan phosphorus trichloride nets on an acid, 8 RHO + PCl5‘^flRCl + P(HO)3. If a salt 
ia token, then by tho action of plmspliorus oxychloride a corresponding chloranhydride 
and salt of orthophoapfvorio acid ore oaeily formed: 8 B{KO) + POOl5«'OR01+PO(KO)3. 
The chloranhydride RCl is always more volatUo than its corresponding acid, and distUa 
over before the hydrate RHO. Thus ocetlo acid boils at 117 ®, and its chloranhydride 
at 80 ®. Phosphoric and phosphorous acids are very slightly volatile, whflit their 
chlorsnhydridos are comparatively eiirily converted into vapont. The foonlty of the 
cMoranhydrides to react at tho expense of their own chlorine determines their great 
Importonoe In chemistry. Per Inslanoo, anppose wo require to know the molecnlor 
formula of some hydrate which docs not pass into a state of vapour and does not give a 
ohloranhjKlrido with hydrooldorio acid— that is, which has not any baaio or alkaline 
propiirtiuB ; wo must tl\ou endeavour to obUiin this oldoranhydrldo by means of 
phosphoric ol»lorido, and* it frcqnonlly happt>n« that the corresponding chloranhydride is 
vdaiSle. Tlw rosultont oldoronbydrido is then oonvorltvd into vapour, and its composition 
is detenuinod; and if we know its composition we at© able to doold© that of its 
earrespdading hydrate. Thus, for example, from tho formula of sUioon chloride, SiOb, or 
of hMO» chloride, BClj, w» oatv Judge Uio composition of their corresponding hydrates, 
fi[(H 0 ) 4 , BfllOJs. Earing obtained the ohloranbydrido RCl or BOU, ft is posefhto by Its 
means to obtain many other oompounds of the same radicle E aeeordfeg to the eqaatloa 
MX + RCl - MCI + EX. M may b« ® H, K, Ag, or other metal. The t«ae«w prooeeds 
thus if M forme a atabla compound with ohlorija0-»-for example, 8 ilv» chloride, hydro- 
rddorie odd, and E, on nnstablo substance. Hence, a eblwanhydride fs breqaently 
ompbyed for the (ormorion of other compounds of a given radfele ; for Instoncei with 

lOKrar. ana wStv. UAfT ortSh unhvilriilM BnU!). &o. 



soluble powder on which dilute acids and alkalis do not act, but which, 
when fused with potassium hydroxide, gives potassium phosphate and 
ammonia like other* amides. When ignited, the triamide liberates 
'hmmonia and forms the nitrile PON, just as urea, CO(NH2)2, 
gives off 'ammonia and forms the nitrile CONH. This nitrile, called 
monophosphamide, PON, naturally corresponds with metaphosphorio 
acid, namely, with its ammonium salt, NH4P03 — H20=P02'NH2, 
an as yet unknown amide, and P 02 -*NH 2 — H2O gives the nitrile PON. 
This relation is confirmed by the fact that PON, moistened with water, 
gives metaphosphorio acid when ignited. It is the analogue of nitrous 
oxide, NON It is a very stable compound, more so than the pre* 
cedipg.*^ 

The reaction of ammonia on phosphorus pentachloride is more complex than the 
preceding. This is readily understood : to the oxychloride, POClj, there corresponds a 
hydrate PO(OH)3, and a salt POlNHjOh, and consequently also an amide POlNHgij, 
•whilst the pentachloride, PCI5, has no corresponding hydrate P(OH)i, and therefore there 
is no amide The reaction with ammonia will be of two kinds : either instead of 

■6 mol. NHj, only 8 mol. NHj or still less will act ; i.e. PChlNHjjj, PCl3(NHjj)o, &c. are 
formed ; or else the pentachloride will act like a mixture of cldorine with the trichloride, 
and then as the result there will be obtained the products of the action of chlorine on those 
amides which are formed from phosphorus trichloride and ammonia. It'would appear 
that both kinds of reaction proceed simultaneously, but both kinds of products oi-e uu* 
etable, at all events complex, and in the result there is obtained a mixture containing 
sal-ammoniac, &o. The products- of the first kind should react with water, and we should 
obtain, for example, PClj(NH2)j-i-2H30=8HCl and PO(HO)(NH2)s. This substance has 
not actually been obtained, but the compound PONHfNHj) derived from it by elimination 
of the elements of water is known, and is termed diphosjphamide ; it is, however, more 
probable that it is a nitrile than an amide, because only amides contain the group NH3. 
It is a colourless, stable, insoluble powder, which possibly coixesponda with pyrophos- 
phoric acid, more especially since when heated it evolves ammonia and gives and leaves 
pliosphoryl nitride, PON— that is, the nitrile of metaphosphorio acid. The amide corro- 
eponding with the pyrophosphate p303{NH40)4 should be P205(NH2)4, and the nitriles 
corresponding to the latter would be PjOjNfNPfsjs, P20Na(NH2)2, and IPaNsCNHa). The 
composition of the first is the same as that of the above diphosphamide. The third 
pyrophosphorio nitrile has a formula PJN4H2, and this is the composition of the body 
known els phospham, PHNj (in a certain sense this is the analogue of N3H polymerised, 
Chapter "VI.) Indeed, phospham has been obtained by heating the products of the action 
of ammonia on phosphoric chloride, as an ifisoluble and alkaline powder, which gives 
ammonia and phosphoric acid when subjected to the action, of water. The some eub- 
stanoe is obtained by the action of ammonium chloride on phoephorio chloride (PNCla is 
first formed, and reacts further with ommonisL, forming phospham), and by igniting, the 
mass which is formed by the action, of ammonia on phosphorus trichloride. Ponnerly the 
composition of phospham was supposed to be PHN3, now there is reason to <bink that its 
moleoular weight is PsHsNj. 

The above compounds correspond with normal sEdts, but nitriles aud amides cofre- 
apondhig to Eicid salts are also possible, sind they will bo acids. For example, the amide 
POprO)2(NHi), and ftenitrilo, will be either PN(BO )8 ok PO(HO)(NH), but at oU 
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The raoet important analogue of phosphorus is amenio, the raetallio 
aspect of which and the general character of its compounds of the types 
AsXa and AsXg at once recall tho metals. The hydrate of its highest 
oxWe, arsenic acid (ortho -arsenic acid), H3A3O4, is an oxidising agent, 
and gives up a portion of its oxygen to many other substances ; but, 
nevertheless, it is very like phosphoric acid. Mitscherlich established 
the conception of isomorphism by comparing the salts of those acids.®® 

oventB of tUo compoaition PNIIaOj, wad having acid proportiea. The aramovxium salt of 
thiB2Jl^o«i57/t)»iirt7ifl add (it is called phosphomio aold), PNH(NH^)Oa, is obtoinsd hy 
the action of ammonia on phosphoric anhydride, Pj)0» + 4NHj« 1180 + 9 PlSrH(NH4)Ofl, 
A non*crystalline soluble moiss is thus formed, which is dissolved in a dilate solution of 
ammonia and precipitated with barium ohloride, and tho resultant barium salt is then 
decomposed with sulphuric add, and thus a solution of the acid of the above composition 
is obtained. 

It is evident from tho Uieory of tho formation of amides and nitriles (Chapter IX.) 
that very many compounds of this kind catx oorroHixnid wiUi tho acids of phosphorus ; 
but as yet only a few are Icnown, Tho easy tronBitions of tho ortho-, meta-, and pyro- 
phosphoric acids, hy inoans of the hydrogen of ammonia, into tho lower acids, and con- 
versoly, tend to cnniplioatc tho Htu(ly>f thievery large class of compounds, and it is rarely 
tliat the nature of a product Urns obtained can he judge<l from its oompodtion ; and this 
oil the more that instanoes of isomerism and polymerism, of mixture between water of 
crystalllsaUon and of ooustitutiou, &o., ore here possible. Many data aro yet needed, 
to enable us to form a true judgment as to the oomposition and stmotore of snob 
oorapoundr. As the best proof of this we will describe the very interesting and most 
fnlly investigated compound of this class, PNCb, oslled ohl&rojphotphamide, or nitrogen 
chlorophosphorite. It is formed in small quantities when the vapour of phosphoric 
chloride is passed over iguited snl-ammoniao. Besson (1809) heated the compound 
PGlgHNUj (wlUoh is easily and directly fonnod from PCI4 and NIIj) under a pressure of 
about 00 ram. (of mercury) to 300®, and obtained brilliant otystols of PNGb, which melted 
■at 106" (in the residue afUir tho distillation of sal-ommoniacal phosphom). The chlorine 
ill it is very stable — ciuite different from that in phosphoric cliloride. Indeed, the re- 
fialtant subnlonce is not only insolulile in water (though soluble in oloohol and ether), but 
it 1« not even moistened by it, and distils over, together with steam, without being decom- 
posed. In a free state It easily etystaUiseB In colourless prieme, fusee at 114®, boQs at SSO® 
(Oladstone, WiohelhattR}, and whm fused with potash gives potossinin ohloride smd the 
omldonltrile of phosphoric acid. Judging from its formula and the simplicity of its oom- 
position and reactions, it might be thought that the molecular weight of this eubstanoe 
would be expressed by the formula POI9N, that it corresponds with PON and with Pdj 
(like POCI 3 ), with the substitution of CI 3 by N, just os in POCI 3 two atoms of ohloribne 
ore replaced by oxygen ; but all these BUrmiseB are inoorreot, because its vapour density 
(referred to bydrogon— Gladstone, Wicholhaus) “i 183-— that is, the molecular formula 
must bo three times greater, PgNaOla. The polymerisation (tripling) is hero of exactly 
the Mune kind os with the nitriles. 

80 It is necessary to rwnark that, although arsenic Is so closely ansJogoos to phos- 
phoruB (especially In the higher forms of combination, EXj and BXg), at the some thne 
it oribibits a certain rcsemblonoo and even isomorpldnn with the oorrcspondlng cow- 
looundH of Bttlnhur fMneoiolIv the metallic onmnounds of the tvne MAs. cotTMXmdftnr 
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the form of salts of arsenic acid — for instance, the so-called cobalt and 
nickel blooms, two minerals which are found accompanying other cobalt 
ores, are the arsenates of these metals. Arsenic is also found in cer- 
tain clays (ochres) and has been discovered in small .quantities in some 
mineral springs, but it is in general of rarer occurrence in nature than 
phosphorus. Arsenic is most frequently extracted from arsenical 
pyrites, FeSAs, which, when roasted without access of air, evolves the 
vapour of arsenic, ferrous sulphide being left behind. It is also obtained 
by heating arsenious anhydride with charcoal, in which case carbonic 
oxide is evolved. In general, the oxides and other compounds are very 
easily reduced. Solid arsenic is a steel-grey brittle metal, having a 
bright lustre and scaly structure. Its specific gravity is 5 ' 7 . It is 
opaque and infusible, but volatilises as a yellow vapour which on cooling 
deposits rhombohedral crystals.*® The vapour density of arsenic is 
160 times greater than that of hydrogen — that is, its molecule, like that 
of phosphorus, contains 4 atoms, A34. When heated in the air, arsenic 
easily oxidises into white arsenious anhydride, AS2O3, but even at the 
ordinary temperature it loses its lustre (becomes dull), owing to the 
formation of a coating of a lower oxide. The latter appears to be as 
volatile as arsenious anhydride, and it is probable that it is owing to 
the presence of this compound that the vapours of arsenious compounds, 
when heated with charcoal (for example, in the reducing flame of a blow- 
pipe), have the characteristic smell of garlic, because the vapour of 
arsenic itself has not this odour. 

Arsenic easily combines with bromine and chlorine ; nitric acid 

50 bi, ^.ccording to Retgers (1898) the axsenic mirror (see further on) is an unstable 
variety of metallio arsenic, whilst the brown product which is formed together with it in 
IMarsh’s apparatus is a lower hydride AsH. Schuller and McLeod (1894), however, recog- 
nise a peculiar ydlow variety of arsenic. 

^ B^drochloric acid dissolves arsenious anhydride in considerable quantities, and 
this fs pKibably owing to the formation of unstable compounds in which the arsenious 
anhydride ^ays the part of a base. A compound called airseniotis oxychloride, having 
the composition AsOd, is even known. It is formed when arsenious anhydride is added 
little by little to boiling arsenic trichloride, Aa^OsH- A8Cl3=3A80Cl. It is a transparent 
substance, wMdi fuines in air, and combines with water to form a crystalline mass having 
the composition As 2 (OS[) 4 Cl<,. When heated it decomposes into arsenious chloride and 
a fresh oxychloride of a more complex composition, As^OgClj. Arsenic trichloride, when 
treated witti a small quantity of water, forms the crystalline compound, A 32 (HO).,Clj> 
menlaoned above. Hese compounds resemble the basic salts of bismuth and alu- 
m Mum . The existaice of these compounds shows that arsenic is of a more metallio 
wii^^aSakster' thto phosphorus. Nevertheless arsenic trichloride, AaOlj, resembles 


TumeB in wr iiKa oiner oiuoriuiiiyariaoB, out it is muou more lUowiy ojid tmperfooUy aeoom* 
pOBod by water than pboepliorus triohjoride. A eonfliderable quantity of water ia roquired 
for it® oomplet® deoompoajtion Into bydroolUorio acid and oraenioua anhydride. Itfonae 
an exoejle’nt example of the tranaltion fcrom true inetalHo ohlorideetokue oMoroahydrldee 
bf the oolda. It boldly oomblnea with ohlorine, f.e. If AaOla fa formed it la very miatabte* 
Arsmio trihromide, AsBij), la formed as a orystoUbe anbetonoe, fusing at and boQ* 

log At by tile ^ebt ooUon of meboUic oraenio on a aolnUon of bsomUie in carbon 

bisulphide, the latter being then evaporated. The epeol0o gravity of oraenio trlbromide 
ia 8'80, Cryatolline omenla tri-lodido, Aal;, having a ap. gr. 4'80, may be obtained in a 
Uhe meaner ; it may be diaaolved In water, and on evaporation aepomtea out from the 
aolnUon In an nnliydroua atat^thal ia, it ia not doeorapoaed—^ind oonsoquentiy boliavee 
like matollio aalta. Ar$miio (n^uoHde, AsFj, la obtained by heating fluor apor and 
araeniouB anhydi'ide witii sulphurlo aold. It ia a fuming, eolourkBB, and very pdaonous 
liquid, whloU boils at 68® owl has a «p. gr. of 3*70. It fa decojniioaed by water. It is very 
remaritablo that flviorino forma a pontatluoride ol oraenio also, altiiongb tivia compound 
baa not yot been obtained in a aeparato state, but only b oombbation wiUi potasabm 
fluoride. Tlile compound, Kg^AaFg, ia formed as priamatio orlyetala when potoocinm 
arsenate, KgAfOg, la dJaaolved b bydrofluorlo odd. 

«* Ansnie aMA, oorreapondbg with oriho^hospboric odd, I* fomed b? 

oxidiftbg oraenbna anhydride with bitio odd, and, evaporo^g the reliant eoluUon 
unUl it attain^ a'ap. gr. of 9’9i on ooolbg it aeporatea b crystals having the above 
oompoaiUon. Tliia hydrate oorreaponda with the normal oalte of oreanio odd ; but on 
dlaaolvbg In water (without heating), and on ooolbg a alrong aolutlon, cryatola containing 
a greater amount of water, namely, (AaHnOj)a,IIaO, separate. This water, like water of 
crystallisation, is very easily expelled at 100®. At 190® cryatols liavbg o oompoaiUon 
idonllool wltii that of pyropboapborio acid, A 8 an 407 , separate, bnt water, on dissolving 
ibis hydrate with the development of beat, forma a solution in no way differing from a 
aolnUon of ordbory araenio odd, ap that It is npt on bdeiMsndenk pyrooraenio odd tbol 
ia formed. Ndthw (a there any (arue analogue of metopboapborio odd, although the 
oompound AaHOs ia formed at 900®, and on aoUdlfybg forma a maaa having a pearly 
Jusim and apiuingly soluble in odd vrat«r ; but on oom^ bto oontoot with waarm wak« 
'It beoomea very hot, and givee ordinary orthooraenio ooid b eolnticm. Aroonlo odd 
forma three wrieB of aalta, which ore perfeotiy onologoua to the three eeriea of , ortho* 
phoapbaUa. Tbua the normal salt, K^sOs, ia formed by bobg the other pot^dum 
>arBfnatea witli potassium carbonate] it is soluble in water and oryntalbsM in needles 
wldch do not contab water. Dl-potaasium arsenate, KfllLAaOi, is formed in solution 
by mixing potassium oorbonate and orseuto acid until oorlxmlo anhydride omms to bo 
e^vod 1 It does not orystallise, and boa an Alkaline reaoiion ; banco It oorroaponda 
perfectly with Ute sodium phosphate. As was menUuned above, arMnio odd ItMlf 
oots M an mddiabg agent | for example, it ia used In the manulaotare of anUbe dyee 
i(a melditbi the aniline, and It is prepared b large quanttUw for tbla purpow. 
Vhbm suli^uretted bydmgoo ia poaaed thoougb ito ooIoMm, nlphuriq odd an|. 
mm^om anhydride ore obtfOned b eolntiou.. Araenio odd l« very eoeOy aedtiMa b 
water, and Ita solution boa on mcceedbgly odd roaotion, and wbm bdted 
eUoiic odd ovblvea bbtobe, Uka eoteb, ehroerib, moai^o, and mMn «ter Idpwr 
dndoUio ooida. 

Anmk mhyMA», U iproduof^ when ureenb odd fa iMoled to re&^. II 

mud be M dl » ^ ^ bb 


hj<1v<i‘;i u in nuuiy Tiitss CMlntu lrKs g.-i- , \v}iii !i int<i a 

siiiihila liquid at hiUi a ilisiagrrmltlt’ garlif liki» CKhnir, ia unly 

sFiKlitly Riilubki itj wat»n', and in fxm-diMgly pni.nfnniuB. F.vrn ii, a 
■Btuall qilantity it tmuwn gmit nufTi-ring, and if pri'fii'nt tu any cun .idi-r- 
ftlilt'filiKtunt in air it cvt*}* cauHna »It*!ilh, Thi* nt!imHint}«nmd » of ar.a ido 
ar<' alwi itoiMinotiH, wit !i tin* nsnaptioit of t lin inmihddi' ruslphur c'onij tnuid 
ami Miiiio l•oIll|Hl^Uld*i of araritii’ lu id. Avst uiurntiiul hydjitgon, A:>IIj, 
if» tihtium d liy tla' arliou of watrr nii tUn all<»y 4»f am'-um iiml >itHliiini, 
MMliinn liyilroxidi* nml ar.'i«*niur<*tt<Hl hvilrngi’n Iwdng fnnm*d. If ia 
also fofiufd liy tin' artiou of aulphurio noid on tlm alloy u'f ara-uio ami 
giuo • Thn iixygon t’ttiu|>ouud» 

of nraenic are vary easily mluml l»y thn antiun <if hydn'grn at thft 
moitiMnt of ill ovoUition from acids, and tho reduced ru'sfiac lYv.ii 
oombirit* with tho hydrogt'n ; honcx*, if a wrtain amount of an osygon 
compound of nrncnic Ih' )iut into art njiparafna rotstaining xim- and 
Hulplmriu acid (and thua nerving for tU« ovolulii.n of liytlrngm), tho 
hydrogen ovolvtsl will contain nr.icniurt'ttcd hydregm. In tins it 
in (liluttHl with a comihlcralih' umovmt of hydrogen. lUit il« presetteo 
in thti xnoat minute quantitioH may Ik» tnu.ily ria-ogni «h 1 from tlui fact 
tlmt it i« 0 aniy d^cotn-^H/ml by heat (UtH)'* aceuniing to Jlrunn) into 
nj@ttdlie arsonio and hydrogori, and thcrofoit' if hucIi ijupun* hydrogen 
bo paaaecl through a miKlerately-hoatetl tul«» meUdlte nria-nic will Im 
deposited as a bright layer on tho juirt of the tulw' w idt h was ht;aU*d 
(ko Note BO bis). This reaction is kj m'naitivo that it enables tlm 
inoat iniuuUi traccfi of urwtuic to Ix' tliM-ttvcnnl ; henen it is ejoploywl 
Sn UHHlioal jurisprutlenco, as a (eat in jHiisauiing casica. It i« eaay to 
diaeover the prwncf' of araeide in coiimion Kine, cojiper, nulphtuic and 
hydrochlorio acidi, dto. by Utia umtlmtl. It is obvious that in toding 
for poison by Mawh‘i appamtua it ia nmmwry to take kIiio and aul- 
l^nrio add quite frt^ from aisenio, Tho attenio depcaiti’d in tho ttdje 
flftfty be driven as a volatil® metal from one plaois to another In Ubi 
Ottiwat of hydrogen evolved, owing to its volatility. This forms ft 
diatinctioa between anenluretted and Mitlaoiddttjttt^ hydrogen, which 

anhydrldo. Awisnia imltydrid« k w (maorpiittitt giliwwl lnm4ttU« la 

water, liut H altracta moliturn froju Uin air, tkliqawtMa Mifl ipisM i«te U»# acid. Hoi 
water jircKluoo® Uiiw trauafomiatlon wiUi great «mw. 

» Tlie (ormatltm of ari«n»ior«tt*4 liydrt^ri I* aeeomimfilrf by Uto df §7,(1# 

toftk unite, wUilo plioniihiM «volv#« 18,000 (Ogter), wd mjm. (0'8 iie.} 

amakam, with a ate^ solttUos of A»$Q^ f mklniiif 83 vote, of mmh aad 



Bw. 8^.*— ?(ivmi\tlon Rjul (li'i'iin’>poRtU(m of Msontiupltefl hyilroBcn. IlyiUoaon t« cyol'T«\ In tho 
WouUo’b liottlo, iinil wlion tho utia oimoa o(T, n nolutlon onntnliilri« fu-Miiiio In pourcxl tliwugh the 
^^nllel. Till! iirrifloiicti of Anil, In rwinffiilaort from tho rtopoultlon ot n mirror of ivrsonlo when tho 
Bna-OoniliictliiH tulw lo lirntcd. If tlio (> 0 (<npluK hydrogou be lighted, and » tjoroefalu (Jl»b bo bold 
In tho iliimr, n him of nrionio ie flepooiUHl on It. The gm te tlrlod by iJtiMiog tlmnigh tlio tube 
oonUUnlng oalolum oUnrlUo. Tliiw aiiboratiui U utecl for (ba dotootion of oroonlo by Marab*a toot. 

oxygon attracted combines entirely with tho hydrogen and not with 
the arecnio, so that if a cold object, such as a piece of china, be held in 
tho hydrogen flamo tho arsouio a-iU bo deposited upon it os a metallie 
spot.®'* 

Tho most common compound of arsonio is tho solid oAd volatile 

This or lliomotalllo ring which is doposilod on thoboabotl t«b«, may easily be 
tested as to wholher it i» really clue to arsenio or proooedn from sorao other eubstaxioo 
reclaeedl In Uie hydrogen flaino~'for metanoe, carbon or antimony. The necosaity for dis> 
tingnishing araenie from antimony ia all the more frequently enoonnteced in medloal 
jurltprudenoe, from the feet that preparatiohe of imtimony axe very froqnaatly need aa 
mddieine, and antimony behaves in the hydrogen apparatus jnst.like arsenic, and there* 
fore in making an investigation for poisoning by orscnlo it is easy to mistake U for 
hnlimony. The best metliod to distinguish between Oie metaUio spots of arsonio and 
antimony ia to teat them >»ilh a solution of sodium hypooblorite, free from ohlorine, be- 
ciuiao tliia will disaolvo arsonio and not antimony. Suoh a solution Is easily obtoinod by 
tho douhle divCHnuixiaition of solutioim of aodium carbonate and bloaoliing powder. A 
solution of putuBBium elilorato aota in tho aamo miumor, only moro slowly, i'urtho*' 
partioulara inuat bo lookinl for in analytiool works. 

Arseniurettod hydrogen, like phosphuroltod hydrogen, Is only slightly soluble in water, 
has no slkallne proiHjrlius-” Uml is, it does not oombiuo witli ooids — and oots os o 
reducing agent. Wioa passed into a solution ot silver nitrate it gives a blaoMsh brown 
precipitate of metallie silver, tlie arsenio being oxidised. If aoUng on copper sulphate 
and similar salts, Rmtuurotted hydrogen soroctlmos forms arseaides-^e. it reduces the 
metdUio salt with its hydrogen, and is itself reduced to arsenio. Snlphurio, and eveo 
hydroohlotio, aoid reduces arseniurotted hydrogen to arsenic, and it is tldU more easily 
decomposed by orseidous chloride, and vrith phosphorous chloride it dves the oompouna 
PAsi ArsmiaretUd hydrogen gives ma ta Ul g axs^o with an acid amutlon of anenfooe 
anhydride Cnvoli). 


armmic. The corm»|K>ncUng hyrlmteis wi yvt unknown ; it« svilutiong, 
whon cjvnj>orat«l, yield cryitnls of nmunou* anhydrido. It la ohiolly 
prepawKl for the dyer, And i?i r1«o ««x1 m a vonnin killtT, and mmwtimm 
in modicino j it is a prcnlucl from which »dl other compouiHk of RRKmio 
can lt» prepared. It is obtained aw a by-produrt in nnwiUng o<d«lt 
and other c»r«*8 containing rma-nic. Arwuiieni pyritc« are winutliiiiei 
pur|KiHoly roftjitwl for th«5 extraction of arfitmiousi anhydride. Whon 
arKonietd oren are burnt in tho air, Iho sulphur and mrsonlc aro c»uvertt»| 
into the) oxidoB and SOg, Tho foruieil' ia a toHd at the ordinary 

tem|M»rftturct, and th§ latter gateoua, and tht*ir»far«« the anwniouB anhy- 
dride ia dejMMited m a lubUmafc® in Uie mder poriiwi of the duet 
tlirough which the vapottr* wsapo fmm the fumacn. It adhKjts In 
eoadendag chambers wpeoWly eonotroeted in the Hum. The diy^b 
Is oolleoted, and after being diatillod givw arMiloua anhydrldo in th® 
fortti of ft >dtroou8 non-oryataUino ma«8. Thk ia onft of the mritititei of 
araoniouM anhydride, whicli is also known In two crystallifu* fornii. 
When sublimed— i.r, whan it rapidly paawia fronj tho atato of vapour 
to the solid tbite -it appears in tho rt^kr »y«teni in tho form oota* 
hedra,®* It k obtainod in Urn wme form whon it i« eryataUiaotl from 
acid solutiema. Tlie aptscifio gravity of the oiyatali !« 3’7. Tho other 
crystalline form (In pritroa) belonp to the rhomlKdiotlral ayatem, and k 
also formed by subllroation when the eiyatak are depoiiitiHl on a hM,tdi 
surfftoe, or'when it k orystalllsed from alkaline «»lutioni.** 

Aetsording to Mit«pherlich'iiilel**rmlnaU{m,Vh« v&pour detmlty ol arwn!o«» wh^iito 
{a IM (H«* is, it tinHwcrB l« IW tnulwuliir fortJiMk As^fV I^n»WWy thk k et». 

BBcted wiUn bia Iwt Utxt Ui« amUKuln «( frd« «r«»nki cwnbiltw A#*. V. Moysr a»d Biito, 
Howover, aJww««l (IMS) that at a UsmttomlurBof alwot tHi» mpsior tiwaltf «| 8#«iiiiai 
t»iP««I*o»d» with the wolitettlo A»g, and not Ai» 4 , m at low^r letttpBmluw#. 

>♦ ArsBoiouii anbytlride la obtabwol in an imm all« beoiJng oft 

a tatpmtwtt UMU In ibol at which it mktUlcM, or, Wttwr ntlih by iwattoii it (n a okwed 
Itth«afB»®»toa«dewl«»Uq[«}4,wW«h«»«ciht«form»ateyB»pMntifilr»c»Mi 
maw, parity l« rilghtly k« tto.B that of tho ©ryaloJliw# anhytbpklB. 

Ott CWltti, M* Atecoa* mm an Intwml ehoage, to whteh li 

MkA ofoqae, acquires 'the appowranco of porcaWft. f«lk*wij« dlSwrwnes 

h«tw«« tti« vttosoiM- «q?ftqa« varieties fa very rttswfcaUe ! when H» vitwiwi* vwrlteti' 

ia 4fM0lv«d 1ft »br«f wni hot hydrochloric acid ft gives of tb« arftfdrkto m 

cooling, and ttUsoyrtalUaatltm <® mmomj^nM h# lh$ e/%Al (wbWt i« vWhto 

to the dark), a«d the enUrs liquid flow* a* th« ery»W* b^te to sspmte. The opaqae 
variety does act emit light when th« erystok sisparatofrom il« hyiiwehtorie acid 
It ia al«o remarkabk that th« vllnioiM varied paws into tb« fom It to 

peundad— that i«, under th« oetloa of a of Wow*. Thtta, iwwwai votfatte# el 
P»«bIoui oahydridc w toiown, but m yet they ow is^ dwwetortorfi by «f «p«cW 
*h«ole«d di|tto«Mo«ft, And ev^ diflet bnt Uttto to theto mwifa pwillw, s© II cnwwi 


of forming salts with acids and alkalis. And in fact compounds of it 
with hydrochloric acid (Note 31), sulphuric auhydrido (see further on), 
and with the alkali oxides aro known.**’’ If silver nitrato ho added to 
a solution of arsonious anhydrido, it does not give any precipitate unless 
a certain amount of tho araenious anhydrido is saturated with an alkali 
-for instance, ammonitv. It then gives a precipitate of silver arsenito, 
AiggAsOj. This is yellow, soluble in an excess of ammonia, and anhy- 
drous ; it distinctly shows that arsenious acid is tribosio, and that it 
differs in this respect from phosphorous acid, in which only two atoms of 
hydrogen can be replaced by raotal8.3“ Tho feeble acid chameter of 

ftmingomtmt ol Uio atoms in Uus moleoulo — ^Ituk probably only clopmnl on o. diftoroncts in 
the distribution of tho molooulos, or, in olhor h^rms, aro ijliysiral ami noli ohomicttl 
variations. Ono part of tho vitreous auhydrido mpiiroB Iwolvo parts of boiling wator 
for its solution, or Iwonty-flvo parts at tho ordinary Uimporaluro. Tho tipayuo variuty ia 
loss Holublo, and at tho ordinary toniporaturo requlros about soveuty parts of wator fotf 
its solution. 

Arsonious anhydrido does not oxidiso in air, eilhOr in a dry stale or in solutiom, 
but in tho proBonoo of alkalis it absorbs oxygon from tho air, and oots os an oxooUoni 
roduaing agent. This probably is oonneotod with tlie fact that oi'senlo acid is' much 
more enorgotio than arsenious acid, and that It is oraenio acid which is formed by tho 
oxidation of the latter in the prosouoe of alkalis. Arsenious anhydride is easily reduced 
to areonio by many metals, oven by oopixir. 

tfhe focbleiiosa of tho acid proiwrtiosof arsonious anhydrido is soon in tho fact Uiat it 
It bo dissolvod In ammonia water, and thou a sUll stronger solution of uininoniabo added, 
prismatic evystala separate liaving the composition of ammonium mutarBunito, Nil, tAsOg. 
Tills ainiiionium salt dcliiiuoscos In air, and loHes all its ammonia. Tho mognuMium salt 
is tri>meLallici, Mg3(A803)4 j it is iiisoluhlo in water, and is formed iby mixing an ammo- 
niaool solution of arsenious airhydride with an ommoniaoai solution of a magnesium salt, 
ft is insoluble even in ammonia, although it dissolves In an excess of aoidq. Magnesium 
hj'draxide gives the some salt with arsenious solutions, and hence magnesia is one oi 
the best antidotes for orsenlo poisoning. The arienUet cif oojppsr aro much used In 
tho manufacture of colours, more ospeolally of pigments. They are distinguished by 
Uioir insolubility in water and by thoir remarkably vivid groon colour, but at the same 
time by Ihoiv poisonous cliaructor. Not only do such pigments applied to wall papers 0 » 
other materials tnuiily dust oft from Uiem, hut they give exhalations containing AsHs. The 
ouprio miltM, CuX.j, wlum mixed with an alkaline solution of arsonious acid, givo ft groon 
preoipitato of a copper salt callod AVAoc/o’s yrccn. Its composition is probably CuIIAsOg. 
Ammonia ilissolvcH it, and gives a colourless solution, containing cuprous arsonato — that 
is, tho cuprio fompound is rodiicod and tho arsonio suhjeoted to a furthor oxidation. 
Tlie BO'Called Schtuein/uri ffrean was still more used, tmiwially in fonnor timoss it i« 
an Inaolttble green cuprio salt, which reseinhlos tho prooeding in many respect#, but 
has a different tint. It Is preporod by mixing boiling solutions of arsenious acid sad 
cuprio aeettt^. Arsenious acid forms an insoluble compound with ferric hydrwdde, re- 
sembling the phosphate ( and tills is the reason why froslily precipitated oxide of Iron to 
employed as an antidote /of ar$mis. The freshly precipitate oxide of Iron, token im- 
mediately after poisoning by arsanic, eonvorte the arsenious add into an insoluble state, 
by forming a compound on which the ooids of the etemaoh have no action, so tlmi tlie 
»oia<ming otuonot proceed. Xt to remarkable timi the tidmbitanta of certain moun- 


*p«.aa whtirts this awmioui 4«li|iiridi‘ wintltnua'ii, a portion of the 
iulphttrous aahydridB being mnv«rt«»l into iulplmrlo anhjdriilo, Btl, 
4t Ihi ©ajpiMi of tbft oxygen of the wr. Th« eorop«Mm:l in «|«»ation 
’tejTOS wl«trk«t tahulw orysbiK ■^♦hich aw bj water with 

fommtion of lulphurio &cU\ and ar^siiioua anhydrulu.^* 

Antimim^ (stibium^, b another astalngno of phtwphoim 

In tM extornal ap{«»mn«^ and the pn;i|,wrtii*a of ite c<>m|iottnd« il m* 
«tabk« the metAlfl ittll rnom ciwely than arwtde. In fael, aiitimarif 
h«8 the appeamnoo, lualrf*, and many of th« r.I».nM'teri»tto projH»rtiiM 
th« metak. Its oxid«H Hh/) 3 , oxhihite th« «»rthy ft|'>|«’!%ranpo of nut 
nr of llm^ and bat d&Unctly l»*lo proj»rtl«*, idthnugb It eorriM|Kmili 
wto aifemus ami phoipboroM afdtydrkle, and la able. Uko th»m, to givft 
aaline ownpcmnda with basM. At the mme timo antimony prwnt*, in 
tba majority <rf ita amipoonda, an enttm analt^y with I'dnaphonii attd 
ftmottle. Ite oompouuda belong to the tyjm BbXa and 8bX*. It li 
found in nature ohiotly in tlm form of anlphidn, Thla 

fiometiniM ticcurs in large In mimtral ¥t4t« and ta known in 

mineralogy under fcho nam« of antimony glarm# or stiAaite, and row* 
meroiidly aa aniimmg (Chapter XX., Note 29). Tho w«wt abnndanl 
depoelte of antoony ow exstmr in I*®ftugal (niiwr (tprjirto on the Itooro). 



PHOSPHOKUS AND THE OTHER ELEMENTS OF GROUP V 187- 

also used in medicine, the most important in thisjespect being antimony 
pentasulphide, Sb^Sg {mlfur auratum antimonii), and tartar emetic, 
■which is a double salt derived from tartaric acid and has the composi- 
tion C4H4K(Sb0)06. Even the native antimony sulphide is used in* 
'large quantities as a purgative for horses and dogs. Metallic antimony, 
is extracted from the glance, Sb 2 S 2 , by roasting, when the sulphur 
burns away and the antimony oxidises, forming the oxide Sb 203 , ■which 
is then heated with charcoal, and thus reduced to^a metallic state. The 
.reduction may be carried on in the laboratory on a small scale by 
fusing the sulphide with iron which takes up the sulphur.^^tia 

Metallic -aiitiraony has a white colour and a brilliant lustre.; it 
remains -untarnished in the air, for the metal does not oxidise at the 
.ordinfkry temperature. It crystallises in rhombohedra, and always 
shows a distinctly crystalline structure which .gives it quite a different 
aspect from the majority of the metals yet knovm, It' is most like 
' tellurium in this respect. Antimony is brittle, so that it is very easily 
powdered ; its specific gravity is 6'7, it melts at about 432?, but only 
.volatilises at a bright red heat. 'When heated in the air — for instance, 
before the blow-pipe — it bums and gives white odourless fumes, con-? 
listing of the oxide. This oxide is termed antimonious oxide, although 
it might As well be termed antimonious anhydride. It is given the 
•first name^because in the majority of cases its compounds with acids 
are used, but it forms compounds with .the alkalis just as easily. 

Antimonious oxide, like arsenious anhydride, crystallises either in 
regular octahedra or in rhombic prisms ; its specific gravity is 6-66 ; when 
heated it become§^ yellow and then fuses, and when further heated in air 
it oxidises, forming an oxide of the composition SbaO^. Antimonious 
oxide is insoluble in water and in. nitric acid, but it easily dissolves in 
strong hydrochloric awid and in alkalis, as well as in tartaric acid or 
solutions of its acid salts. When dissolved in the latter it forms tartar 
emetic. It is precipitated from its solutions- in alkalis and acids (by 

from 10 to 16 per cent. Bi or 8 per cent. Sn and even Gu la added. The hardneae of the 
alloy, which la eesential for printing, evidently depends upon .the presence of antimony, 
put an exeeas must be avoided, ainoe this renders the alloy brittle, and the type after a 
jtimo loses its sharpness. 

4it bii Antimony is prepared in a state of greater purity by heating with charcoal the 
oxide obtained by the action of nityio aoid on the impure commercial metallic antimony. 
This. Is based on the fact that by the action of the acid, antimony fomls the oxide SbjOs, 
which is but slightly soluble in water. The arsenic, which is nearly always present, forms 

aviA vamafna m fiAlnf.mn. ThA nnrAttfe A.nf.imnnv in 


iintirrion|l sslte, 8bOX, the graup 8bO h univfljunt-, lik» pflt4w«ium or 
•iWor. Th« oxkl© i» (8b<>)|<‘>, the hjtiri-mi(h% HW)-(OH), ) 

Urtor offiBtIo m a wU m whieb o«o hytlwigon of tArtArio arui a Ripk«d 
by potiatlttro and tho otbw by tnUirnwyl, BU'}. Antlrooiuous oxide i* 
very oMily tepamted from it« wlu by any l»»', but it rtiust Ihs ob*erv®d 
that this M'jwmtion d%n% not tako j»Uw in iho pn»s«nrp of yirtario wld, 
owing to tlio prtiporty of birinrio »cid «f forming a •tdubla double sadt 
— H(.o. tartar omotio.^* 

If MOtalUo nuUmony, or autimouious oxidn, «»sidi*t«H! by an -©xeia* 
of nitrio acid and the rttiultani maw b«> oarcfully «>vajK.r»t«aJ to drym^s* 
fWtortiiwiowM tt«W, SbHOa, la fonaed, Ita e«rr«s|«>tHUng jK>t«iara 
wdt, S8bK0|»5Il|0, te by ftwing nmtaUio aniimany with 

ott©-fottrtb Its wftlgbfc of nitre and wanbitig the rwultant msm with 
eold water, “inbiji potawuum wit ia only abghlly wdublo in water (In 
00 part*) and the atalium salt ia still l«m» ux An ortho arid, HbllaOi, 
ako apjMtan to exist i it i» obtainml by thn a«’Uon of water on 
antimony iventacldoride, but it Is vary unsUtda, like the jumteoldmdi, 
HbClj, itstjlf, which easily givtw up C?!,,, leaving antinomy trichloride, 
BbClj, and this k dt^oompoeod by water, forming an oxyehloride— - 
BbOOl, only slightly aolttblo la water. Whea anUmonio adtJ b hwted 

« Am •sJUmtmkm* o«ld« wcwtwwt to Uwt tygm HbS^ a {« Uwkt mMy 

«id*t la wMeb MaUmoas* wUl r«plw?« ^atm atosw* <4 byd«»fott } «wt b wwtptmml# bavit 
b«<m to Mm actoat obUimd, bat they ar« i*ai«ily wmvwtoe by Into Ptttelwwrti 

(iormp<mdin{| wilb tbe ereituury (tmaWiti of to* ettmpwnA* ?4 »i»nm«nj*, Tbm torta# 
emaUe, O^HdabO)KOe, lo#w wntor wb«*t bwteJ, «w*4 t»rm» lb»* it, 

tojrUrie rcIU, In vfhieh «»«» fttom of bptrr^tvn i« by ft»4 

Uum by ftnUtnony. but Ibis nuteUncw to r«fc<wwt«rto4 bto tertw ««««« tif lb« mUm 
at wator, 

A timllttJr txwtpottmT in bmi In that ojr^tte i/<tan»*««y wWeh to 

wbw MiUTOonItm* osM» to twatod la idri Ito to Mbii* in* Tbit 

«Kidl« may b« m wlbanUssumta ««» 4 , to wbtob tbim atom# of 

hs4rogm«» rffttodl by wttotoey la Urn* «tol« to wbteb ll wart to o*W« (4 aaMwaay 
•"i#. SbO(SbOg) « SbfO^i. 0*toe dt taUawwy to «l»a fwtmrf wbw anUatoato «nto4 to 
Iprltodi tothM tottw water wto oatypn, and fiw ibto tol*r»»»tel« ««to m a wWto 
tttf««lbto pewfiw, of $p, gt, 6*7. It to Mmwtet »t4al4« to water, awl fi»«« a swlattoo 
wbleh tmm UtoM j^pur rad. 

■e Btltototoftad after pr^pueim mmy MJIta of Mltowmie wrW, ««# 

to Uw ecmdoftlon that It to mmobwie, but aU 0i« »lto Blffl «iMb »»*«■, m OmiI Oidr 
gaaena Im to motUyi MSbOtSH^, for mmpM M • li, Hf Wt« of Ite ®wb«to«k 
|l Fb, &o, Tlie typo of Uit orlbonwlte, M 8 ftb<> 4 , to tq^aito aakawa, jdtboagb it to wfwdwwd 
in tho Uilo-oompoantto, tor inateaoa, bobbt^to telt, bat Ibiw ««It ate wtHlw# 

water of oryttalUtaUon, @H,|0 (Obapter XX^ Note My 


Among till) othor emupoumlH of antimony, antimoniureitml hyclwffm, Sblls, ro- 
eomWoH aruonuivult.Oi’l hydrogoii in iln modo ol Cormatinn mid imuKirlioH (it fnillta np at 
160°, Brunn 1890 j wlumliipuflod,itl)(>ilBnl— CD^aiid RoliililioH iit ~lHJ‘’),whilnt tlio lialogtm 
Ooinpoundu dilTai: in many roHpMlH from thono of arKmiic. Wlnm chlorino m paafual ovor 
«n oxiHiHii of mitiniimy powdor, it fomm untimmy Mchloridti, BliClj, Init if Hm dilorino 
1)0 in iixi.'OHH it fonuH tlio pimtiichlundt;, BbClj. Tim trichlorido ia n. cryatallino sub- 
fitanoo wliiidi moltH at 73“ and disUlfl at SJ)0“, wbiist 'tho pontaohlorido ia a yollow 
licpiid, wliioli aplita up into olilorino and tho trichlorido whon hoatod j at 140“ it bogina 
to givo off chlorino aWndantly, carrying away tho vapour of tho trichlorido with it ; and 
at 200“ tho docoiuyoBltlon ia oomploto, and imro antimonioua olilorido only poafiOB ovor. 
UCMb property of antimony pontaohlorido haa cansod it to ho appliod in many casoa for 
tho tranaforonoo of ohlorino ; all tho moro that whon it haa given up its ohlorlno, it 
loovoa the triehloride, which in aliht to ahaorh a fredh amount of chlorino’; and thoroforo 
many eulnitiuiceii which aro nnidile tf) miet directly with gatieouH chlorine do bo with 
antimony pentachlnrido, and i the prtiiionco of a niniill quiuitity of it chlorino will acton 
Uumi, junt an oxygen in able, in the iireHenee of nitrngen oxideti, to oxidiao Hubatanooa 
which could not be oxidltsed by nieann of free oxygen. Thun ourlmn liiiiulphide ia not 
ftotod on by eldorine at low teiuporaturea — tliia reiietiou reipurea a high temperaturo 
“-hut in tfw pvotienco of antimony pentRohlorido fta oonvoralon into carlmn totrotilJorido 
takca plaoo at low temporaturea. Antimony tri- and i>ontaol\lorido, having the 
oliaraotorof chloranhydrldca, fume in air, nttrnot molaturo, and aro dooompoaed by 
water, forming antlmonfouB and anthnonio noida. But la tho flrat oellon of water tho 
trtohlorido doea not ovolvo alt ita ehlorino an hydreoldorlo acid, which ia intoUlg^blo In 
view of tho fact that ontiuionioUa anhydride ia olao a bane, and ia tlieroforo oblo to 
react wiiiv aoida; Indeed antimony flulphido diaeolved in an oxtaiaa ol hydrocldorio acid 
(hydrogen eulpliide ia evolvod) glvea an aquoonH iiolution of antimony trlohlorido, whioh, 
when oarofully diutilled, even givea the anhydrena compound Antimony" trichlorido la 
only (loeolnpotunl hy an excoaii <if water, ahd then not completely, for with a large qviantSty 
of water it forma poioffor of antimony oxychloride Tho flrat action of 

water oouaiuta in tho formation of oxycMdride, HhOCl— tliat in, a ault oorroHj[X)nding to- 
oxide o! nnUmony aa a ba»e. U aivtlmony oxide or anlSiaouy oldorido bo dissolved in on 
0X0088 of hydrooldorio acid, and tho Bolution diluted with a considerable ninounk of 
waUti-then this same powder of algoroth is procJpilatecl. Tho oompoeitfon varies with, 
tho fedativo amount of water ; namely, between Uio limits BbOOl and Sb4040]ji. ifhe 
latter compound In, os it were, a boeio salt of the former, because its eomposltirm. 
^ a(8b0Cl)HI)a08. 

With hrfiinino and iodine, antimony forme coinpf)nnda almflar to those with chlorine, 
Antimonii)\iH bromide, ftbllvB, rryalalUHoa in colonrloBu prisma, meUa at 01", and botla ak 
aVO" ; untimiiniiinH iodide, HbTj, forniR red cryatala of np. gr. fi’O; antimony trilluorido, 
(gytiFj weptinitcH from a solution of anliimmlouB oxido in hydrofluorio add, and BbFj (s 
fonned by a tiimilar twatraont of luilimonio acid. Tho latter givea caaily-aoluhle doubloi 
enlts with tho fluoridea of tlio metals of tlw olkaliB. 

I>e Iltd'n (1887) obtained verj? slablo double soluble salts, RliFgiKCl (100 peris of 
water dissolve 87 parts of salt), &o„ which he proposed to make use of fa. 

(he arts os eoally ctystnJliMtiblc oanl solnblo salts of antimony, 

lEngd, by passing hydrocldorio acid gas into a saturated Nation of antlmottlopii 
<ad(jride at 0“, obtain«l a compound irCl,38bCla,a!lEIaO, and with the pentoohloride a, 
00Kiix)Hiid ttliCl4,8nCl,lon.jO. Bismuth triddoride, BiCIj, gives a simflor compound. 

Saund^ (IHOa) obtained OBbCl.fiHbCIs and RbOl.BbCls DUte and Metener (180fl) 
^owed that 8b and Bi aiaaolvo in hydraelUorio odd only owing to tho 'partfo^patlon of 
S>)n eMVOtm M ihe aJr or of that dissolved in the Ooid 


arul uxitlp. Bktuttlhi>«» uxiile, Uvu*, iuul lti»u»uth 

i jwrfwt To ti*.j4ain th»* nlWr |ir»i|H'’rfs«'‘* «>f InamuBs it mmfe 

furlhor b® wmarkwJ that l« tlw *»lovf>nih m^ru-M %t f..!|.iw| jtim»urj, 
(JmlUwm and ImA^ wh<»fi alutwifl w^ighu aro n«r f«» that r»f hwHiuih, 
&rul tbttt thprpfom it re^uiblo^ thmi amt rotsro its 

HpjghtHtur, Alihnugb I’b(^ ami rnj»tra«nt difl©rt»nfc 

fruta IHsfOj and thay nwmhln tht’tn in tnany rt’jJiws'l#, oven in 

thnir PkU'nml ajijt^aranw, tnoVmivar tlm Irnaor oxiiiM ImiiI} i»f i*t» anti Bi 
ar® IhmIc awl lit© bighwr wdd, which imsily ovt.lvu ntygtm. But jwlgtng 
by tlw formnla, B4Q| ia ft morft fpuhlft 1 »»m» than llwy WUi easily 

gt¥fi Iswio Wilt*, 

Bkmttth fom* OMapoondbsol two typwk, BiX, awi which 

ftnfcirely wm.U the two tfpm w© ftlrwuly wtahlisUixI for the 
compound* of l«^d. Ju»t m in tii« e»«o of h^wh th« typ BhXj i* 
bft«io, Btfthte, oftftily formtd, anti paj^i*** with difficulty it»tu tlw highoi* 
md lowor typt», which Aro nnitahle, »» ftl»o in tho mm of hiamutb th© 
typo of ootublnAtlon BiXj is tlm uay&l lnusie form Thu highei' typ® of 
eomhiufttUm, in fact hoHav** towanli thi* BtAhJo tyiw'^ BlXa, in 

©xaoUy tho sfttno rommor as lowl dlttxUlo do«i to tUa ttn>nt»*ldo j and 
biftnnthlo add l» obtained % the aotion of ohlorioe on blatnutU oxkle 
lueponded In water, in mi«Uy the aatho way m Uml diuxidn b (thtainod 

^ MaidlUt himttU) in vmj oasO; ntftdaed wtm e4 Qm («i<k w« 

f«4aedl by fKwwfttl t^dBolnf Imt wiww jwnfwrtttl rwlaciniE *#»«!» -fear 

sUwJcmB oxl4»-~«jrtt tobm, Unatalb BBiwmkIti (« fe>rtM«4 ft« a ItUeb erjwbdliMi 
ptnuder. It. I* a compwjwl t4 Ibe type BIX;,. tt« betair BtO i <M« *{8»twtt|W«d 

by acicbi inU> ilm intrUU aitd cxiita, which intn a(4ttU(m> 

** Th« tyf>« 1)IX» 1» by the pentoxtth*, iHit)*. I«# m#lahy»l»te, 

■or BillOg, ko«\TO m bixaiathia iwrfil, ami lh« j^-ifeyflrul^ ttwiwfcf A |w>ato#i<b 

Is obW»®d by th* pfoltmf&d pMsapi ef et4wla« Um«gh a Wiisf s«4trtfenti t4 
bytodd# (ip, fT. l'»h wftWnlaii Wmalh oxitk to aaapwiikwi; lh« pr«sli»jiA»e to 
WMhftd with wMw, wllh beihaif tolrie aeWi ftot fm !k«»f , «a ifttwrwtoa, ihe 
Rda to itowttpoMai, th«a sfda wltti waiw, aad fiitsily thettwaitai brlfhl iwl pflwdbr of 
\3m teytekto BiHSj to Wdi aftltfi* Th^ pwtoB««4 «mm ul toirte ftrt4 w toawutelo 
iuibya*Mto, ptiiOft, mdto to tiw tormsateis «rf th« wmpwmd ll4,04,IIta, wWeb 
to motot <dt, Itemtof BhO*. Tb« taRsIly «t blswatoto mbydtii to frio, *4 ibe 
BM^*, 6*«0^B»ai al Wimulhto add, BlHOj, 6’t6. wW, li^biQt, Iwm 

ft brown pow’te, wMob Imm ft por^ of tto wMmt ^ IftO*, iw4 m failM' 

■beatinii:, with U« erolotien of fflicy|tn nha wator. Il to at»tolfw4 1^ ^ »rtkw of p«tto#- 
ftlam oyftAiae on «. solution of btaanth nltiato, Tte metonwllto ^ bhmnttoe m 
known, for ftitampto KBiOj. They |r»awftlly owr, bow^, to Mmbto#li«M wl«» 
blsmatWo ftdd itodf. !Ebus Aadrd (liei) took a etoutok di ibe foabto mB of jKB*i #»d 
JCBr, larofttod H with bromine aftof adding amajmsto, irnd drained a rwd'toMim ^wl^* 
llton, wWuh ftitwr beteg waftbod (for wfwtA w^s) totd ttte mofoMta feWO* lIBi^ 
Wftdhod with dOato nilarto add this ult <»»« Ui^wnifeto 



and fts a compound of bismuth sulphide with the sulphidea of other 
metals, and sometimes in gold ores. It is extracted from it’s native ores 
by simple fusion in tho furnace shown in fig. 86. This furnace coutoinis 
an inclined iron retort, into 
tho upper extremity of 
which tho ore is charged, 
and tlio molten metal Hows 
from tlio lower extremity. 

It is refined by ro-melting, 
and tho pure metal may bo 
obtained by dissolving m 
nitric acid, decomposing the 
resultant salt with water, 
and reducing the precipitate 
by heating it with charcoal. 

Bismuth is a metal which 
crysbalUsoa very well from a molfcon state. Its specific gravity is &-8 ; 
it molts at 209", and if it V)o raoltod in a crucible, allowed to cool slowly, 
and tho crust broken cmd tho remaining molten liquid poured out, perfect 
rhombohedral crystals of bismuth are obtained on the sides of the 
crucible. It is brittle, has a gjt^ -coloured fracture with a reddish 
lustre, is not hard, and is but very slightly ductile and malleable ; it 
volatilises at a white heat and easily oxidises. It recalls antimony and 
lead in many of its properties. 'When oxidised in air, or when the 
nitrate is ignited, bismuth forms the oande, BijjOj, as a white powder 
whioh fuses when lioatod and resembles massicot. The addition of an 
excess of caustic potash to a solution of a bismuthous.salt gives a white 
precipitate of the hydroxide, BiO(On), which loses Its water and gives 

bu Hdraxtl (WHO) obtiuHOcl a poouliar variety of bismuth by boating pure oryetnllino 
bismuth to albright reel beat in a atroam of nitrogan. A greenish vapottr wan ^pOBited 
la tho cooler iwrUonB of tho appamtuo In tho form of » grey powder, which under tho 
ml«o»ooi>© litwi tho appotironoo of rainuto, globule#. An atmoiphore of nitrogen io 
noooowuy fur thin Uuaformation, other gwws *uch or hydrogen and oorhonld oxido do not 
favour Uio tranoitiou. The resultant amorphous bismuth fuses at 410® (the oryatalliuo 
variety at MS®), sp. gr. O-ied, (Does it not ooutiUn a nitria© ?) 



Fjo. 86/-^urnooo uied for ibeextrsoUoo of bismuth 
from Its ores. 



©nmfMrmilkin BiX^ wirt Ann th*' f<Hm Bi< *K In inching p 1«» Uut 

thi' ty(«» «if tht' lutsio wltj Ikh-aumi .'iUnX " >BX f It ifi pvklpnfe 

tSwt in tlu* lyj«> BiX , ihr* rt»{({m'pii tht*^ of hydrogiftti, 

Atul lmlw’4 with |ilii«n>horio »citi »«(lulton>« of Iho tti^nnithoun aalti 
givp a. pwi|ataU» i»f tin? a»mj«»*ititm (»n tho other hand, in 

thwforin of tHmipounds Bi<>X <?r the tnnvalonl gn?up (Bit)) 

or y oomhinml with X. Many hjsnnith aalt* »m fortmid 

ftoeording to tdi« lypt BiOX. For in«t«nc« iho ej4rlK»f>a>t0, (Bit)),CO|j 
whinb eormjjonda with llm othw wirlKinatws It »s t»l>tained 

M «. white prwipitete wh«n a wtuUnn of w^ilam «*?*rl*r>n^ti? m mhlod to 
a aolution of a hhiinath aaltd® Tito eott»|»<Htnd rwlirln BiO in not a 


ftiiiiply a rinnlB of oxproit&hnt ft»r Stowing tht? rvlait«rtt Uotwonn tint oom- 
pound in tiuwtion and tho oomjfKmnda of othor oxid?**. 

Throe miU (\f nitrk mid arti known wntainiitg bismttthdus 
oxldt. If cnetalUo binmuth or ite oxulo l<o diRwdvwl in nitrlo arid, it 
fonni ft oolooflM# trawtpftrent itolutlon oonUirting a aalt whi<ih 
mtM. itt krp trftwtpftrent oryirtala wntaining Bi(Kt When 

hifttod ftt 80* th^ oryitftlft welt in their water of ory«t»lhMktis»tt, and 
In #0 doing late n portion of their nitrio acid t«^*»th«<r with water, 
forming a #alt who*? empirical formula is BijN^H/ II the piwcdiog 
salt bolonp to Uto typo BIXj, this on« fthould tirlinig to the forto 
BiOX, b^nso it»BiO(NOg)4- BiCHgOalfNO^). .Thk «H may bo 
bfifttod to IBO® wifchottt ohango. When ilio first eolourlwiii rryataUino 


salt diaaoliTM In water .il 4» dmmnptmd. Th©r»! I* no dw>wpo»ition If 
an of iwdd bo addad to tiht water'—lhat It to »ay, thn «alt i» abb 
to adit ia an add aolution, wlthont decoro|»«lng, without uttimmtion of 
the 80*eftll.ed bftslo aalt— but by iteolf It oannot be kept in aolutlon ; water^ 
decomposes this salt, acting on lb like an sdkall. In other wo^i tht 

baain tirnoAntlftii a# titamnf'.tifA 



again formed and passes into solution. The quantity of the salt BiOX 
which passes into solution on the addition of a given quantity of acid 
depends indisputably on the amount (mass) of water (Muir). The 
solution, which is perfectly transparent with a small amount of water,, 
becomes cloudy and deposits the salt of the typo BiOX, when 
dilated. The white flaky precipitate of Bi( 0 H) 2 N 03 formed from the 
normal salt Bi(3Sr08)3 by mixing it with five parts of , water, and in 
general witlua small amount of wa'teti id used in njedicjune under the 
-name of nmgistory of bismuth.^® 

Metallic bismuth is used in the preparation of fusible alloys. The 
addition of bismuth to many metals renders them very hatd, and at the 
same time generally lowers their molting point to a considerable extent. 
Thus Wood’s metal, which contains one part of cadmium, one part of 
tin, two parts of load, and four parts of bismuth, fuses at about 60°, and 
in general many alloys composed of bismuth, tin, lead, and antimony 
nielt bolotV or about the boiling point of water.*’’ 

^ With on excess of water a forthor quantity of ooid Is wparatod and a still more baslo 
salt formed, the ullimato product, on which on excess of Water has apppxently no 
action whateror, is a auhstonoo having tho composition BiO(N08).BiO(OH). In the 
latter salt wo sec tho limit_o£ change, and this limit appears to show that tho typo 
of the sallnu compounds of bismuthio oxido is of tho form BijXo, and not BiXj; 
but It is very prohalilo, on tho basis of tho oxnmplos .which wO 'considorod in tho case of 
load, that this tyito Ahould bo still further polymoriso J in order to.givo aoorrodt idOa of Uio 
typo of tho liismuthouB compounds. If wo refer all tlxo bismUthous comppunds to- this 
typo, Bi^Xo, wo slioll obtain the following expression fortbo composition pf the nitrates i 
normal salt, Bi 9 (NOjj)a, first baslo salt, BijOiOHlifNOs)#, magisiary of bismuth, 
and tho limiting form Bia 0 fl( 0 H)(N 09 ). 

Tho genorfU ohomoter of bismnthous oxido in its coropouuds Is woll oxeomplifisd 
in tlie nitratoj bismuthons oblorido, BiClj, whloh is obtained by heating bispmtli 
in chlorine, or by dissolving it in aqua rojdib and then dlstOling witlxout aco^s of 
air, is also docomiKmod by water in exactly the same manner, and fonns bosio 
MaltB—for inslauco, first, BiOCl, Hlco tho above sedt of nitrio acid. Bismuth 
ohloriili) boils at 44'/*’ and i)robably its formula is BiCla. PoIymoriBatiou may talco 
plac{> in some compounds and not in others. A volatile compound of tho composition 
Bl(Callii),') is also known as a liquid which is insoluble in water and docomposos with 
explosion when hoalod at 180*’. Double salts containing oldorido of blsmuUi arc: 
$(KCl)BiCls'llI-aC) (fnim a solution of BigOs and KOI In hydrooblorio acid) and 
KClBiCljlIgO. Bigbfttn (IHOa) also obtained KBr(S 04)3 in labidar orystals by treating 
tha ftbovo-namwl double salt with strong sulphuric acid. Tho composition of this salt 
tfocolls tlmt (){ alum. 

As tho metals oontainml in alloys Ulco tho above (bismuth, load, tin, cadmium) aro 
dimoultly vtiltttile and their lUloys are fusible, they maybe employed in tho place of mor- 
eury In many physlool experiments conducted at or above 70°, and they ottor tho advanlugo 
41iat they do not give any vapour having an approoiablo tension (mercury at 100 ’, 0-7f> mm.) 
Bismuth expands la passbg Into a molten state, but it has a, temperature of mcximuin 



tiii, Rti*! Imcl, w« ilmlUtiw, ^ircnniuui. rrruun, and 

thofinm ; m in gr«iii|* V. w»* fimt, iSums «lrij»'ut4 t>f th« un- 

even fjorttijuit ecinsul«if«l by wrir*s »«f B-nidMj^urji in thr «*vrri5«‘rli*% 
wbioh, with ft«»rt«ir} tSi’gweof sliniiArity (nsaisily «|tj.'intiS4ti vt<, or ri'ktivo 
^ the fttsnnic wniglit*!), m!»» n srrii'a r.f J^54rli«4J|^llr («jujditiitivi') 

inrlrpnndfut jtofnl'S of tlijjf ini'tion. In tlnfovimi u-'fhmmn' known wim* 
!»rtwnt'n litanununjul ns.-l.ium, ti»twtwni 

#ir(!<ntium mul jiHiiyl.ih'uiuu, tuui /uniohioj, ailUAUd nn'in tun||iil«'u (an, 
#1cnnfnt (»f in«'U|» VI. Uk«* rlinnniuui nml rm* lyUI tHtitmi si'i iiifetmUh 

Si fcinsikr in ismny to U* neighbour Inail, «<» nUo <$» tUtwo neigh. 

Swuiini? rksnieuta reintnblw iijR-h nther, evnu in their r stomal 
not to nmntkm the of their u ituiidi^ taking into 

t^ceowt tit® of ty|»e enn^jKindtng wifii the «lai'rreut grny|M, 

The occurrenoi in group V, cielerminea th« t.y|4< of the o\uh-«, H|t>j 
and nnti the tlnvelupmimt of lut aeiil I'lum.n-ier in the Iiiglier 

-oxiih*®. The t»enirr<’nfe in the even «erins tl« i«)rn»im'^ the ahwnuni of 
wltilile eenii«nmflM, Hllj, for the*a* metaU, nnd b nonv i»«»£iit' eimrarter 
of the oxitlei td a given cotnimeitltin thani (tt ti»n uneven iierieit, 
’Vftntuiiiut), nlohiumi and tBittaUim Wlong to th«» category of rare nietali, 
atid arti exctwiingly difliault to obtain punt^ rnorw e»j*m'ittlly owing to 

their alrollarity to, and tKKJUrrenw* with, ehrtnnluni, tung»ftett and other 

Ynetal% and also in ootnhinalion among them»elve« j therefore it li 
nafcurol that they have been far from omnjdetoly »tutliv«i, although bIkusi 
S» 60 chemlato havo devoted not a Jittk time to their Invettigatom. 
The rofioardmi oarrierl ftut by Marigiwe, at tleneva, ot» niobium, 
and by Bir Henry IbKawi, at Mamheator, «i» vairadium tliiiorv® 
aptolai attontiun. The \nuloMbU«d nxtornal reaemblaniw rtf the rom* 
poundi of chrondum and vanatlium, m Well m tb§ want of «mv 
pletonwi in the knowledge of the eotopounds of vonarlium, Jong dawi«d 
it* 03eld« to b« wuldtnftd atmlagmii In atomio roitn|H«llon to th«o 
formed hy ehromlam, higher oxide of vanadium wai thi»r«for§ 
tupposod to have th® foirouk VOj,, But tho fact of the matter I*, 
that the ehofnleal analogy of the ojem«nt« doe* not hold in on® 
direction only j vanadium k at one and tho iaiae time the anidoguo of 

flmwtty, Aomittliiig to Luetlnklng th« tneui ctwfHctetit wt e*i>Mi»(n!n uf W**BUth I* 
O'OOOOIta (bfttwwm 870*' wad 80S**), and at willd btMuotbOaiWniL 

Although, giiidrf by Bmunitf, who ehwwnd th«,t g!wa a WgHw twid«, 

phOj, I plah« thk dtment (i\ tlw fttth group, rtiH I aw nca «»rtaJn w lo It* w»«lll«ui, 
Ww I eou»ia«t that U» quwlloni rekUni to M* flawW aw tor frum totas 
rAmy mmmiL 
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cliromium, and consequently of the elements like sulphur of group VI, 
and also the analogue of phosphorus, arsenic, and antimony ; just as 
bismuth stands in respect to load and antimony. Investigation lias 
shown that the compounds of vanadium are always accompanied by those 
of phosphorus- as well as of iron, and that it .is oven more difBcult to 
separate it from the compounds of .phosphorus than from those of iron 
and tungsten. Wo should have to extend our description considerably 
if we wisliod to give the opmploto history, even of vanadium alone, not 
to mention niobium and tantalum, all the more as questions would not 
unfroquontly arise concerning the compounds of these elements which 
have not yet heen fully eluoidatotd. We shall therefore limit ourselves 
to pointing out the most important features in the history of these 
elements, the more so since the minerals themselves in which they occur 
are oxcoodingly rare and only accessible to a few investigators. 

An important point in the history of the momlmts of this group 
is tho circumstance that they form volatile compounds with chlorine, 
similar to tho compounds of tho elements of tho phosphotms group, 
namely, of tho typo llXa. Tho vapour densities of tho compounds 
of this kind wore determined, and served, as the most important 
basis for tho explanation of the atomic composition of these molecules. 
In tliis we see tho power of general and- fundamental laws, like the 
law of Avogodro-Gorhardt. An oxychloride, VOCI 3 , is known for 
vanadium, winch is tho perfect analogue of phosphorus oxychloride. 
It was formerly considered to bo vanadium chldrido, for .just as in 
tho cuso of uranium (Chapter XXL), its lower oxide, V 0, was con- 
siclorod to bo tho metal, booauso it is oxcoodingly difficultly reduced — , 
even potassium does mot remove oil the oxygon, besides which it haq 
a motallio appearance, and decomposes acids like a metal ; in a word, jtC 
simulates a metal in every respect. Vanaclnm oocycMoride is obtained 
by heating tlie trioxide, VjOj, mixed with charcoal, in a current of liy- 
drogon ; tho lower oxide of vanadium is then formed, and this, when 
heated in a ourrimt of dry chlorine, gives tho oxychloride VOOljj as a 
reddish li(iuid which does not net on sodium and may bo purified by 
distillation over this metal. It fumes in the air, giving reddish vapours ; 
it roacta on water, forming iiydrochlorio and vanodic acids ; hence, 
on tho one hand it is very similar to phosphorus oxychloride, and on 
the other hand to chromium oxychloride, OrOjClj (Chapter XXL) 
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sorts of iron contain vanadium) and pliosphonc acid, or rrom tne rare 
minerals : volborthite, CuHVO^, or basic vanadate of copper j vana- 
PbC1.23Pb3(V04)2 , lead vanadate, Pb3(V04)2, *&c. The latter 
salts are carefully ignited for some time vvith one-third of their weigjit of 
nitre , the fused mass thus formed is powdered and boiled in water ; the 
yellow solution obtained contains potassium vanadate. The solution 
is neutralised with acid, and barium chloride added ; a meta-salt, 
Ba(V03)2) is then precipitated as an almost insoluble white powder, 
which gives a solution of vanadic acid when boiled with sulphuric 
acid. (The precipitate is at first yellow, as long as it remains amor- 
phous, but it afterwards becomes crystalline and white.) The solution 
thus obtained is neutralised with ammonia, which thus forms ammo- 
nium (meta) vanadate, NH4V03, which, when evaporated, gives colour- 
less crystals, Insoluble in water, containing sal-ammoniac ; hence this 
ialt is precipitated by adding solid sal-ammoniac to the solution. 
Ammonium vanadate, when ignited, leaves vanadic acid behind'. In 
this it differs from the corresponding chromium salt, whi6h is de- 
oxidised into chromium oxide when ignited. In general, vanadic acid 
has but a Small oxidising action. It is reduced with difficulty, like 
phosphoric or sulphuric acid, and in this differs from arsenic and 
chromic acids. Vanadic acid, like chromic acid, separates from its solu- 
tion as the anhydride V2O5, and nob in a hydrous state. Vanadio 
aiffiydride, V 2O5, forms a reddish-brown mass, which easily fuses and re- 
solidifies into transparent crystals having a violet lustre (another point 
of resemblance to chromic acid) j it dissolves in water, forming a yellow 
solution with a slightly acid- reaction.®® 


of sp. gr. 2’88, which is deliquescent in nir and has the copiposition VOCb- Only 
its 'vapour density is tinkno'wn, and it would be extremely impoiitant to determine 
whether its moledulor composition is that given above, or whether it corresponds with 
the form^ Another less volatile oxychloride, VOCl, is (ormed with it aa 

A hro'wn msolnhle substance, which is, however, soluble in nitric acid like the preceding. 
Bosooe obtained a still less chlormated substance, namely, (VO) 2 Clj^))ut it may only 
cesuiBtof Amixtuxeoi YO and YOCL At all events, we here find agraduated series such 
AS is met with in the compounds of very few other elements. 

Strong acids and alkalis dissolve vanadio anhydride in considerable quantises, 

Ibi^g yellow solutions. When it is Ignited, especially in a current of hydrogen, it 
OTolv^ oxre^ and forms the lower oxides; Va04 Cacid solutions of a green colonr, like 
the ^ts of chromic oxide), YjOj, and the lowest 'oxide, VO. The latter Is the metallio 
OOTder which is ohtamed when the vanadium oxychloride is heated in an excess of 
hydr^, ^d was formerly mistaken for melaUio vanadium. When a solution of 
vi^o acid IS treated with metallio mne it .forms a blue solution, which seems to contain 

^ to chromous oxide, 

only be obtained from vanadium chloride which is quite 
finafiEcmoxygpgx, Moi6san(189fi) obtained it bvrreduiunA ♦t.o. 


nre composed of the ferrous salts of niobic and tantalio acids ; they 

olootiio fnmaoo, and oonaUlered it lo' be moat intusiblo of the metals in the series Pt, 
Cr, Mo, U, W. and V (ho also obtained a compound o£ -vauadium and casbon). Tho 
epoolfio ^avjty.of this metiil is S'Q, It ia.of a grey- white 'colour, is not doooraposed by 
water, and is not oxidised in air, but bums when strongly heated, and can bo fused in a 
current of hydrogen (forming perhaps a compound with hydrogen). It is inaolublo in 
hydroohlorlo acid, but eoeily dlssolvep in nitri^ hoid, nod when fused with caustic soda it 
forms sodium vanadate. 

As regards the salts of vanadid ooid, three diitereot classes ore known ; the first 
correspond with, metavanadio acid, VMOa'-'MoOVjOis, the socond'ccireepond with the 
diohromates — that is, have the composition 'V^M^On, w^ioh is equal to MjO + AVgOi 
—and .the third oenhrospond With orth'ovanadlo acid, 'VMJO4 or 8Mj,0 + ‘VaOs . The latter 
ore formed when vanodie anhydride is fused. with an oroess of on alkaline carbonate. 

Vanadio acid gives the so-oaUed * oomplo»’ acids (whiph are oensidered more fully in 
Chapter XXL in spoaldng of Mo and.'W)— i.e. acids forpiod'of-two acids assimilated into 
cno. Thus Prlodliolm (1800) obtained phospbor-vanodio acid, and Sohraitz-Dumont 
(IHOO) a similar arsono-vnjoadhJ aoid. The former is obtdned by boating VaOs with 
eirupy phoaidiorio aoid. The resultant golden-yellow tabular crystals have the 
coinyosition IlaOVaOaPflOjOIIaO, ond, there are corresponding . salts for example, 
(NH4)3V!,05l’a0j with 8 and ‘/HjO, (fee. These salts cannot bo separated by orystollisa.- 
tion, so that there ore ' oomplcxes ’ of these ooids in a whole series of salts (and also in 
nature). It may be sopposed (Friedhaim) that VaOj hero, (is it were, plays the part of a 
base, or tliat those eoids may he looked upon as double salts. Among the true double 
^ts of vanadium (Nb and -Ta) very many are- known among the fluorides, such as 
V‘p3aNn4F, VOFaSlSriliF, V09F,8NH4F, <feo. (Pottarsson, Piooini, and §eorgi, 1890-03). 

Vanadivira was diaoovorod at the beginning of this oontnry by Dol-Rioj and afterwards 
investigated by Hofstriira, but it was only in 1808 that Bosooo ostablisbed tho abovo 
formulw of tho vanadio oompounds. 

O' Tho roBearchoB mode by Rosooo woro procedod by tlioso ol( Marignao in 1808, on 
the of mohium and tantalum, to whlcli woro also asorihod different formulie 

from- those now recognised. Tantalum was disooverod simultaneouBly with vanadium 
by Hatchett and Ekeberg, and woe afterwords studied by Bose, who In 18it4 diaoovered 
niobium in it. Notwithstitnding the numcnons roseorohes of Hermann (hi-Mosoow), 
KoboU,' Roee, and Morignoc, still there is not yet any certainty as to the purity of, and 
lliu properties asoribed to, the compounds of those oloments. They ore difficult to 
eeporato from each oUier, and ospooiolly from Hie oorito metals and titanium, &a., whioh 
eocwniHuiy thorn. Hef<^ro tho investigations of Rose tho highest oxide of tantalum was 
eupposiul to boloiig to tho typK) TaXa— that is, its composition was taken as TaOj, and to 
tlui lower oxide was aBorihod a formula TaO^. Rose gavo tho formula TaOa to tho 
higher oxide, and di»onvorod iv new olomoiit oallod niobium in tho substance previously 
isuppoBod to bo tho lower oxide. He ovon admitted tlm oxislonco of a third olomont ooour- 
ring together with tantalum and niobium, wliioh ho nanuKl polopium, but ho afterwards 
found tliat pelopio (void wm only auotlier oxide of niobium, and ho consldorod It probable 
that the higher oxide of this element is NbOj, and tho lower NbjOj, Honnonn found that 
niobie acid wbloli woa eonaidared pure otmtsinod a considerable quantity of tantsvUo odd, 
and bMldes thia he admitted the existenea of another gpooial metoUio acid, whioh he colled 
llmenio aoid, after the locality (the Ilm«u mountains of the Hrale) of the mineral from 
whioh ha obtained ii V. Kobell reeogsdsed atUl another c^d, whioh he called dianio acid, 
and these diverse statement# were only brought into agreement in the sixties by Miirignoo. 
Ho flnti of eU Indicted an eocurato method for the separation of tantalio and nlobio 
comboonde, which are alwarB obtained in admixture. 



t%w jimluct Js iht’U trmtwl wjtlj naljdu*!*', In ttnlrr to 

t'xtmct thn tin rihJ tuii^Mtnu, whi«‘h jMt-i* lut** wiluiiMts. Tin* r<«idimj 
ennlalning tin- m iilH (lUTunUng MarigiiH* ) i« thm livut- 4 with 
fluuiic nt‘M, in wluih it Mitirrlv tlhi-olvts, nml j«4a'T.!'iUHn flutiridn Si 
e)4d§il tti Uio naulUnt hut mdution ; t»n ceding, » feiiiringly »<4uWn 
douhla llu»iri<l« uf |K)ts»*«Sum and tantaJmt* mimtatm uui Sn flni* rrystnls, 
whihs the nujdt mom wiluldu niuhluin biU luumtuH in ii<ikiii»sn. Thw 
diflferetic© In ttni ialuWh'ty of thm’ Uo«bl« w-lla in waCwr wuldShotl with 
ijydroflttoriu neW (In par® water U»u itolwti«>n twunufs uStnidy nfter a 
certain Umo) liM grmt that the tantalum critu{.«ujn«l ISO parts 

ol watar for ite wlution, and tlwj nioliiunt ronjjMiuiid only I'l {w».rt4, 
Thu OrtH'iilnml cttlumhitu gravity utdy funtnisis nioSsb 

acid, nnd that fmm lUrtlfunmii*, llnvaTln (f>|«rifR' gravity fi Ufl) almost 
e<|un,l (pmtitiiiu'. »tf kintnliu nnd nh.liir m-ults. Having twnUiud tnntnlb 
and niuhic jwlls, Marignar kiuntl that tliu rekthm l«'twi-4>n th»» jhiSm* 
slam apd fluoriuts In Utuiu Is very vnrkJjiU»”- that In, that then’ t?xU6 
various doubUi salts of Sluorldn of potawiuui, arid uf tin* tluMrido<» of 
the metals of this group, but tiiat with an esww at hydndlm.rlo twHd 
both the tantiduifl and niobium ron)j»ount!!i contnin rs«vrn aUim«i tjf 
fluorine to two ol potassiiuuj, whettco it must bo wnc ludeti that the 
firoplest Wfnula for thofie double aaltn will Iw K 9 HF|«HFa, 2 KF | 
in, Unit tho tyj«j of the higher tmmjwimids of tdobiutu nnd tentnlum 
is ItXg, and hence is similar to^phmphorlo acid A. chlwrido, TaC'l^ 
may be obtained from pure tantalio arid hmting it with oharctm) 
in a current of ehtorine. This Is a yellow erystalUne •ulwtttistctj,^ which 
mribi at Sll% and 'botts at S4l** { its vapour density with to 

bydr^wi ta 180, at wouM follow fmm the formula TaOlj. It k crun* 
pletriy decompwed by water Into tantalk and hydiwjhlorio acidi. 
Niobimn pmkMmbk may be In the mm wanner ; ii faj«i 

at 194®, and bofla at S40® Whim trwWl with water thh •ulwfciw.oe 
gives a solution ccmtalnittg uioblo arid, which only m^rnmm out oa 
boiling the solution, Briafontaine s*d Bwrllli found Ite mpour 
density to be 9*3 (air m 1), as is shown by its formula NbOI|.* 

» Jl abble aeid mljwd with a (ttftiUl CMutHs- of ebworf and in a •!»«« 
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porfoctly coiiilms tho aoaUTtvoJ of tho formuloa given liy Marignoo, nnd inclicates tho 
quantitativo.mlalof'y between tho coinpounds of mipbium and tantcaura, and. tlioao of 
phoBfdiorwB and nrBonic, niid oonHoqnontly also of vnnnditini. In their qualitative rola- 
'tiona (aa if) evident alny from tho oorrOapondoneo of tho atomic weights), thi) compounds 
of tantalnn) ,(i.nd niobium exhibit a great analogy with tho compounds of molybdoniim and 
tangston. Thuii zino, when acting on acid Bolutions of tantalio and niojjto compt)unds, 
givofl a blue coloration, exactly as it doon with thoso of Uingslen and molybdenum (also 
titanium). ThoMO aciils form the Same largo number of salts as thono of tungsten luu) 
molybdomun. The anhydrides of tho acids mo also iuHolublo in water, but as colloids aro 
eomolinieH bold ui nolutimi, just liko thono of titanic and molybdio acids. Purthennoro, 
niobium is in every respect tho nearest onologuo of molybclonura, and tantalum, of tung- 
sten. Niahiitm. is obtahied by reducing tho double fluorldo of niobium and sodium, with 
sodium. It is difllcult to obtain in a pure state. It is a metal on whioh hydrbohlorio 
acid acts with some ouorgy, as also doos hydrofluorio aoid mixed with nitrio acid, and also 
a boiling solution of caustic potash. Tantalum, which is obtainqd in exactly the samet 
way, is a imioli heavier metal. It is infusiblo, and is only acted on by a mixture of 
hydrofluorio and nitric acids. Roso in 18(18 showed that in tho rodtiotion of tho double 
fluoride, NbFj(,9KP, by sodium, a greyish powder is obtained after treating with water. 
The HiKu'iflo gravity of this powder is (I'fl, and ho considors .It to ho niobium hydride, 
NbH. Neither did he ohlaiu' melallie nhihium when ho reduced with magimslum and 
aluminium, but an alloy, Al,-,Nb, havi»)g a sp. gr. of 4’P. 

Niobium, HO far as is known, unites in throe proportions with oxygon. NbO, winch ib 
formed when NbOFji'iKl'' is reduced hy sodium; NbOj, which is formed by igniting 
nltibio acid in a stream of hydrogen, and niobio anhydride, NbaOj, a white infusiblo 
Bubstauoo, whicih is insoluble in acids, and has a speoiflo gravity of 4’S. Tantalio anhy- 
dride olotwly i-eiKnubleM niobio anhydride, and has a speoiflo gravity of 7’2. The tantalatea 
and niohalea present Urn typo of ortho-salts — for example, NaaHNbO4,0HaOi wid also of 
pyro-solts, such as KaHNliuOTiOHuO, and of meta-Balts— for example, KNbOsiSHsO. 
And, besides those, they give salts of a moro complex typo, containing a larger amounl! 
of tho tilemonts of the anhydri<lu , thus, for instauoo, wlion niobio anhydride ia fused 
with caustie potasb it forimi u salt which is soluble in water, and cryatalliBoa in mono- 
elhne primus, having th<( I'onqKisition KaNbnO,(,,lfln.jO. There »b a imrfootly similar 
isomorphouH salt of tantalio acid. TantolUo is tl bjvU of the typo bf metatantalio aoid, 
Fe{TaOa)j. The oemjHisitiou of Yltrotaintalite apjmars to oorrospond with orthotantalio 
acid. 



CHAPTER XX 

StItPHUB, SELENIUM, AND TELLURIUM 

The acid character of the higher oxides RO3 of the elements of 
group VI. is still more clearly defined than that of the higher oxides of 
the preceding groups, whilst feeble basic properties only appear iir 
the oxides RO3 of the elements of the Oven series, and then only for 
those elements having h high atomic weight — that is, under those two 
conditions in which, as a rule, the basic characters increase. Even the 
lower types ROj and R3O3, <fec., formed by the elements of group VI., 
are acid anhydrides in the uneven series, and only those of the elements 
of the even series have the properties of peroxides or even of bases. 

Sulphur the typical representative of group VI., both on'account of 
the fact that the acid properties of the group are clearly defined in it, and 
also because it is more, widely distributed in nature than any of the other 
elements belonging to this group. As an element- of the uneven series 
of group- VI., sulphur gives HaS, sulphuretted hydrogen, SO3, sulphuric 
anhydride, and SOj, sulphurous anhydride. And in aU of them we find 
acid properties — SO3 and SO2 are anhydrides of acids, and H^S is an 
acid, although a feeble one. As an element sulphur has all the pro- 
perties of a true non-metal ; it has not a metallic lustre,, does not 
conduct electricity, is a bad conductor of heat, is transparent, and 
combines directly with metals — in short it has all the properties of the 
non-metals, like oxygen and chlorine. Furthermore, sulphur exhibits 
'a great qualitative and quantitative resemblance to oxygen, especially 
O the fact that, like oxygen, it combines with two atoms of hydrogen, 
Apd forms compounds resembling oxides with metals and non-metals. 
From this point of view sulphur is bivalent, if the halogens are univa- 
lent.* The chemical character of sulphur is expressed by the fact 

The character of sulphur is very clearly defined in the organo-metalllo 00 m- 
f^unds. Not to dwell on this vast subject, which belongs to the province of organic 
chemistry, I think it will be sufBcient for our purpose to compare the physical properties 
of the ethyl compounds of mercury, zinc, sulphur and oxygen. The composition of all of 
them is expressed by the general formula (C^HjlaR, where B => Hg, Zu, S, or O. They 
Me all volatile ; mercury ethyl, HgjCjHslg, boils at 169®, its sp. gr. is a-t44, moleoulai 



that it forma a very slightly stable ajnd feebly energetic ooid with 
hydrogen. The salts corresponding with this acid are the sulphidea, 
just as the oxide? correspond to water and the chlorides to hydroohlorio 
acid, However, as we shall afterwards see more fully, the sulphides 
are more analogous to the former than to tho latter. But although 
combining with metals, like oxygon, sulphur also forms chemically 
stable compounds with oxygon, and this fact iinpressos n peculiar 
character on ail tho relations of this olomont.^ 

Sulphur belongs to the number of those elements- which are wry 
widely distributed in nature, and occurs both free and comhined in 
various forma The atmosphoro, however, is almost entirely free from 
compounds of sulphur, although a certain amount ef them should bo 
present, if only from tho fact that sulphurous anhydride is oinitted 
from the earth in volcanio eruptions, and in tho air of cities, where 
much coal is burnt, since this always contains FeS®. Stsa and river 
water generally contain more or less sulphur in tho forin of sul- 
phates. The beds of gypsum, sodium sulphaU?, magnosimn siilphaLo^ 
and the like are formations of undoubtedly aqueous origin. Tim sul- 
phates contained in the soil are the source of tho sulphur found in 
plants, and are indispensable to their growth. Among vogetablo 
substances, the protoids always contain from one to two per cent, of 
sulphur. From plants the albuminous substances, together with their 
sulphur, .pass into the animal organism, and therefore tho deoomjjosition 
of animal matter is accompanied by tho odour of sulphuretted hydrogen, 
as tho product into which tho sulphur posses in tho docompewition of 
the albuminous substances. Thus a rotten egg omits sulphuretted hy- 
drogen. Sulphur oooura largely in nature, as the various intolublo sul- 
phides of the metals. Iron, copper, dno, lead, antimony, anenl©, &©., 
occur in nature combined with sulphur, Thw© mdphidm frequently 
have a metallic lustre, and in the majority of oanea occur crysUUiwd, 

vQl\une«100j eino oMiyl •bolls at 118®, sp. gr. l-0aa, volumB 101; tlhyl sttlj(4»14o, 

8{0.jH6)-b boils-at 00®, sp. gr. O'Sas, volume 107; coramcm ether, oretliy! oxhU»; 

bolls at 86°, sp. gr. 0-78fl, volume 101, In addition to whioh di@U»yl iUelf, 

boils about 0°, sp. gr. about O'Ca, volumo about 04. Thus tho subsUtuUon id llg, H, and 

0 Boarooly changes tho volurno, notwitlvstondlng tljo diiTorenoo of the wei^hto ; th^ 

physical influence, If'ono may so express oneself, of these elements, which ore so v®ij 

different in their atomic weights, is almost alike. 

• Therefore in former times sulphur was known os an omphid dftmftnl, AUha®^ Iht 
analogy between the compounds of sulphur and ostyfun has b«« fr« tt# 

very birth of modem chemistry (owing, omonpt otoer things, to ih« fool that o*lto 
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.and also vory often several sulphides occur combined or mixoti 
together in these crystalline compounds. If they are yellow and havo 
a motallio lustro tJioy are called pyrites. Such aro, for example^ 
copper pyrites, OuFoSj, and iron pyrites, FpSa, which is tho commonesti 
of all. They aro all also known -as glances or blondes if they are 
greyish and have a metallic lustre— for example, zinc blonde, load 
glance, FbS, antimony glance, Sb'gSa, <!co. And, lastly, sulphur occurs 
native. It occurs in this form in the roost recent geological formations 
in admixture with limostono and gypsum, and most froquontly in the 
vicinity of active or extinct volcanoes. As tho gases of voloahoos con* 
tain sulphur compounds— namely, sulphuretted hydrogen and sulphurous 
anhydl’ido, which by reacting on ono another may produce sulphur, which 
also frequently appears in the craters of volcanoes as a sublimate— it 
might be imagined that the sulphur was of voloanio origin. But on a 
nearer aquaintanco with its mode of occurrence, and more. Mpeoially 
considering its relation to gypsum, 0aS04, and limeitone, the prwent 
general opinion leads to tlio conclusion that the 'native' sulphur has 
been formed by tlie reduction of tho gypsum by organic matter and 
that its ocourronoo is only indirectly connected with volcanic agencies 
Near Totusli, on the Volga, there aro bods containing gypsum, sulphur, 
and asphalt (mineral tar). In Kuropo tho most imjiortant tle>pc>«it 8 of 
sulphur are in tho south of Sicily from Catania to Oirgonti.''’ There 
are very rich deposits of sulphuu in Daghestan near Ghorkai and 
Cherkat in Khyut, near Mount Kanabour-bam near Petrovsk, and 
In the Kira Koumski steppes in the Trans-Caspian provinoes, whloh 
are able to supply the whole of Russia with this mineral. Abundant 
deposits of sulphur have also been found in Kamtohatka in the neigh- 
bourhood of tho voloanoos, Tho moUiotl of sopamtion of the sulphur 
froiq. its earthy impurities is baswl Qu tho fact that sulphur melts when 
it is heated. The fusion is carried on at tho expense of a jmrtiow of 
the sulphur, which is burnt, so tlmt Um remainder may mdt and run 
from the mass of the ^Marth, This is carried on in speck! lurnaoM 
called oalwroni, built up of unhewn stone in tho nelgbl^urhood of 
mines.^ 

* When b Sbily, I fo»«d, nmj( a Bj^wlmpn d bo-I^o* iWth laalfiwsl ter. 

In teo 88.W0 nelghlroarhoed teoM sjj® bftphtha spriap wd mod 'rntfleantw*. Il tmy b« 







FK). M,— tUdning (tdphor U? aublltanUot^. 

known oa j^w&rs qf mlphttr.^ But when the temperature of the 
receiver attains tho melting point of sulphur, it passes into a liquid 

tillftUon or rom’lmnien.1 trnfttnu'nt in orrlor to nopdrato tho Bulx^bur, but its prioo is Bolow 
Uml Uiiit ttinUiod i»i tinnit riiw'a la not j)rf>fitAWo. 

llio Buliilior oblwnwl by tbo Rbove-Uo«eril>e<l metUcKl bUU contains some Imujuritkifl, 
but it i» fmnui'ritiy rfmdo use of In tl»i« form for many purposes, and especially in oon* 
sldorable {|UtitilitieB for tlio monufooturo of sulphurio acid, and for strewing over grapes. 
For oU»w purfwses, and «»BX>oelally in the prcimrntlon of gunpowder, a purer solphat is 
requireei. Hwlphur may b«* punfiwl by distillation. Wjo crude sulphur is o^ed rou^h^ 
and the di»till«l sulphur The arrangement given in flg. 68 Is employed for 

refliting sulphur. Tlt« rough sulphur is melted in the boiler i, and os it molls it is rim 
tlvrough the tube F into on iron retort B heated by the uokod flame df the furnace. 
Here the sulphur is mmverled into vapour, which passes through a wide tube into tho 
chamber Q, surmundtsl by stone wslls and fumlshrd with a safety-valve S. 


forms ft good example of the facility with which an alteration of proper- 
ties can take place without a change of oompoaition-— that t«, m regards 
the material of a substance. Common sulphur has tho woll-known 
yellow colour. This colour fades as the temperature falls, and at — 60® 
sulphur is almost colourless, ft is very brittle, so that it may bo easily 
converted into a powder, and it presents a crystalline struoturo, which, 
by tho way, shows itsc^lf in tho uno<\ual expansion of lumps of sulphur 
by heat. Ilonco when a pioco of sulphur is heated by the warmth of 
the hand, it omits sounds and soraotiraes oraoks, which prt)bably also 
depends on tho bad hoat-oonduoting power of this substance. It ia easily 
obtained in a crystalline form by artifloial means, booauso although 
insoluble in water it dissolves in carbon bisulphide, and in certain oik.’ 
Solutions of sulphur in carbon bisulphide when evaporated at the 
ordinary temperature yield well-formed transparent crpfcidi of sulphur 
in tho form of rhombic ootahedra, in which form tt occurs native. The 
spooiflo gravity of these crystals is 2-0>16, Fused sulphur, cast into 
moulds and cooled, haa, after being kept ft long tiims a spmnfie gravity 
2*0GG , almost tho same os that of the crystalline sulphur of the above 
form, which shows that common sulphur is the same os that which 

'I Sulnhiur may bo extrimUd by vturiona oUtsr U may b« oxtraonKl from imn 

pyrlUft, F«8», wWaK ii very wiclely dUtribuM la aoturC Frcm 100 parte of Iron pyrltee 
half tbe etUphuv eontalned, namely, about 36 porta, may he extrooUd by htaUns: 
'withont the ocoeee of olr, a lower sulphide of Iron, whioh Is more stable under Ure aoUmt 
of beat, being left behbd. AUtol! waste (Chapter XII.), oontslning calcium eulphUle end 
gypsum, Cati04, may bo used for the same purpose, hot native Bulpliur Is ho elieap that 
rocourae can only bo bad to these sources when the calcium snlphitie appearB as a worth, 
less byo-prcKluet, The moat aimple process (or the extraction of sulphur from alkali 
waste, in a clioinioal mnm, oansislH in evolving sulphuretted hydrogen from the calnlum 
ealphida by the oetioa of hydrochlorlo ooid. Tho sulphurolUHl hydrtigen when burnt 
give* water and Hulphorous anhydride, which rmeta mi fresh aulphurettod hydrofna 
with the uparaUon of Holphur. The eombuation of the aulphurott^ hydrt^m may bo 
so eoaduotsd that a mixtuM of and SOg Is straightway formod, and this misluro 
will doposit stdjphnr (Chapter XII., IHTote 14). OoMOf o wrd ChMM trail alkoJI wotle 
with oorhonk cunhydri^ tmd sabjoot Uie enlpbnrstted hydn^w evolved to iMompkle 
oomhostion^thls Is best done by passing a mixlnro of ralpbttrotkd hydr^^oo and air, 
ti^Mi tn the tequisilj# proportions, over r^-hot.(errie oxide), by whl^ moons water and 
the vapoojr of s^phw ore formed s H«8 + Os®* H^O + 8, 

’ One hundred parte of Uqnld eorbon blsnlphlde, O&9, diwolvo Ifl’S ports of sulphar 
at -11®, 34 ports at 0^, S7 ports at IS®, 40 parte at 83®, and Ihl parte at U®. The 
saturated selutloa boils at SO®, whilst pure eorbon bisulphide bolls at 47®. The solutfon 
of Bulphnr in carbon bisulphide reduces tho temporature, just os In the solntim of Mdte 
i» watmr. Thus tho solution of 30 parte of snlj^nr in ^ parte of carbon himlpbUte ol 
W lowora the temporalwre by B® { 100 parte of bwwne, GiI4i dissolves 0*tM port of 
aulphut at,3d®, and 4'd7? parte at 71° ; oldoroform, CEOlj, dlsaolvM 1*3 port of sniphux 

m.k iswiaJl waskMABS tATJA .. 
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(Orystallisos in octahedra. The apeoifio heal; o{ octahedral sulphur xsfe 
0*17 ; it molta-at 114°, and forms a bright ;^elIow mobile liquid. 0« 
further licatingj’ tho fusejl sulphur undergoes an alteration, which wm 
shall presently describe, first observing that tho .above octahedral state) 
qf sulphur is its most stable form. Sulphur may be- kept at the ordi-<i 
nary tomperaturo in this form for an indefinite length of time, andl 
many other modifications of sulphur-pass into this^orm after being lofti 
for a certain time at ordinary temperature. 

If sulphur bo molted and then slightly cooled, so that it forms a ' 
crust on the surlaoo and over tho sides of the crucible, while the 
internal moss domains liquid, then the sulphur- takes another crystal- 
line form os it feolidifioa. This may bo seen by breaking the crust, and 
pouring out tho remaining molten sulphur.® It is then found that tho 
sides of tho cruci\/]o are covered with pnsmatio orysteds of the mono*; 
clinio system j they have a totally diflefout appearance from tho above-- 
dosoribod cry.staW of rhomhio sulphur. Tho prismatic crystals aro>‘ 
browtj, tranapai'oiit, and loss dense than tho crystals of rhombioi 
sulphur, tlieir spooifio gravffcy being only 1-93, and thoir molting poinv 
Inghor — about 120°. Those crystals of sulphur oannqt be kept atl 
tho ordinary tomperaturo, wliioh is indeed evident from the- fact that I 
in tinm they turn yellow j tho spooifio gravity also changes, and they ! 
pass complotoly into tho ordinary modification. This is accompanied’ 
by a considerable dovolopmout of heat, so that the temperature of the 
'masa may rise 12”. Thus sulphur is dmorp/ions— that is, it exists in 
t-wo crystalline forms, and in botl» f<trms it has independent physical | 
proportios, Ilowovor, /lo chouiical reactions are known which distin- 
guish tho two modifioationa of fiulphpr, just as there are none dis- 
tinguishing aragonite from oolospaV.® 

If molten sulphur be heated to 1^8° it loses its mobility and 
booomoa thick and very dark-coloured, so that the 'crucible, in which it- 

* If Die fixpflrlmmit bo nmflo in ft vobboI -wilh.a immw oftpUlary tube, the sulphur 
fuHOB ftt ft liiwor tompornturo (ocoura, an it worn, in a auiMraaturatod atato), and solidifying 
ftt IIIV, apponra in a rlionihin form (HoliHUenhorgnr). 

w If tmlphur ho oauti<iUNly meltod In cv U iul)o immoraod in ft hftU hath,. and thou; 
gnuUmlly onolod, It !» poBaihlo for all tho sulphur to romtiin liquid at 100”. It will now 
hfi in B, wtftln of MupnrfuBlon ; thus alao Ity oatofvvl rrtrignmtion -water may ho obtained iui 
ft liquid fttate at —10 ", aucl a lump of loe lilmn uaiisna euoh water to form ioe, and 
Urn temperature riaos to 0” If a priamatio oryatal of sulphur ho Unrown into one brftnoh 
of tho U tube oonteliilug the liquid eulphur at 100”, and an oetohedml oryaUl be thrown 


colour, and at 440* it boile. These modifieaWons In tho pro|)ortif» ol 
sulphur depend not only on the variations of tomperaturo, but abo on 
a change of structure. If sulphur, heated to about 850* b<^ pourod In 
a thin stream into cold water, it does not solidify into a solid maw, but 
retains its brown colour and mtiaim ao/if may Im atratchml out into 
threatls, and is olastie, like guttapercha, liut in this soft and duotilo 
®tat(', ako, it clow not remain for a tong time. After the lapse of a 
certain period this wft tranaj>areut sulphur hartlens, become* opaque, 
pawoa into tho ordinary yellow motliflcatlon of sulphur, and in »o doing 
develops boat, just aa in tho oonveraion of Uio prismatic into tho octa- 
hedral variety. The soft sulphur la characterise by the foot that a 
oartain portion of it j« Insoluble in carbon- bisulphide, Wh«i soft sul- 
phur is immersed in thk liquid, only a portion ;of oommon sulphur 
passm into solution, whilst a oertaln portion k qui^ Insolublt and 
remaini so for a long time. The maximum proportion of insoluble 
sulphur k obtained by heating slightly above 170*. It melts at 114* 
An exactly similar imduJble amm-phtms mtlphur^ is obtaim‘{I itr certain 
reactions in the wet way, when sulphur liopamtiis out from wdutions.’ 
Thus sodium thiosulphate, NaiHjOj, when treated with acitk, givi« a 
precipitato dE sulphur, whioh k Insoluble in carbon bkulphide. The 
action of water on sulphur chloride alw gives a Mmllar modifiw-tion of 
sulphur. Certain sulplddes, when treated with nitjrio add, «d» yidd 
sulphur in thk form.*® 

VJ A c«rl(dn awownt of fnsalnbl# siUphar remiuMfl for » ImtK Umo In thn ttmm of wfl 
milplmr, ehanglns Into Iho ordinary varioty. t'rtjaUly-nHilm! iioft sulphur ctitilairm ahottl 
om-Uiiixl of itmluhle oulplmr, ami cdlor Uio ]«i)«o of two yoarn it t»tiU ooniaitiit ahcnit 
IB p.o. Flowers of Bulplmr, ohlainml hy t4»o rapitl condonBalion of Bulphur from a atate 
of vapour, bJmj eontoinfl aeortain ftjnounl of inaoluhlo milphur. dkUtkd mnd 

(tmdamad irulphur rJikj m»Wn« floine imwlulilo aulphnr. H«mc« a wrteln amoBrifc of 
Insdahk «d^u» fa firoqusBWy fmmd it* roll ealphur. Tho iieUim of lijfht on » «d«Woo 
ot t<3^ar MAWIti » MTldUn perlim tato iho te«io)uhfa modito^tim Imolubb MtUphnr 
fa of a lighter colour thau the erdlanry Xt fab«t frr«pur«d feymperislBf sulphur 

ia a ibmm d MrhooiA anhydma, lu^dro^hfarfa A«id, ftu., and edlMltAg Vm vwfour in 
ccM water. e«dw«i«a fa tbfa it fa »«»wly nil fuwiluWfa ta e«Aw hfaul- 

]l^d«. It thir» has th« term of hollow uphortdds, sad fa tewpefore Mj^ter UtoB Uw 
eewmou vftirlefy t Bp, fr. X‘es. An Sdsa of tho teiMhf ptm tu sulphur 

h®tw«e» 110* fc»d ftSO* may h« termed from tb# te«l M «.! l»« U«}uid sulphur ho* a 
oooflWowt of wpaurioa of abeuk OOOOg, whilst brtwtwi IS^ a«d iftO* it fa kw Umm* 
0*0W8. 

Ingd hy dooomperinf » soltjikm of hyp«»Hlph!te of (Note 4S) 

wite BQ fa the cold (the lulphttr fa uel preefirffated ifreeMy in this uftw 

rtaW^upwSte^lwefon»Midfva|»r»ti<m,oinr»tel««f m»lphmr{ip.fr.MS8), wWA, after 
s<Wialh«B% pawed fate the ludolnWe (fa 08,) state, wtel !« «o‘ dote# tewame epaqan, 




iviii-auuuriicu, umi a^uvuiu t;u»unu» uiiu accuracy oi: Ulia result;. 

But i:\ Una rospoct Uio proportios of sulphur woro found to bo variable. 
When hoatocl to higher tomporattfroa, tliat is 'to say, above 800", tho 
vapour density of sulphur is’ found to bo onodihird of this quantity, ie. 
about 32 roforrod to hydrogen. At this 'tomperaturo t!is molecule of 
mdphur, liko that of hydrogen, oxygen, nitrogen,, and chlorine, contains 
two atoms ; hence the molecular formula ia then Sg. This variation in 
tho vapour density of sulphur o's^idontly. corresponds ’with a polymeric 
modiOcatiofj, and may ho likened to tho transformation of ozone, O 3 , 
Into oxygon, Og, or. bettor still, of benzono, OoHo, into acetylene, 
Oglla.'i 

fllaiid, iti (ItiimtiilM milnhur, which, alfcur mjffloiont wa,»htng, lo abla to. dissolve in' watoi: 
(lilcfl Urn vivrintioa of the mtiUilHo BUlphidfiH, alumina, boron, and eilvor), but tliis 

.colloid miUdion of sulphur soon depositu eulphur inaolublo in Cf9j. 

■When a solution of sulphtrrettod hydrogen in water is daoomposod by an oleotrio 
ew(T«t the sulphur is deposited on Uno positive pole, and has therefore an electro* 
negative oUarootor, and tl)ls sulphur h soluble In carbon bisulphide. When a solution 
of sulphurous oold is decomposed In the Homo monnor, the sulphur ia depoalted on the 
negative [kiIo, and Is tlicraforo oleolro-poaitive, and the sulphur so deposited is Insoluble 
in oorbon bisulphldo, Tho sulphur which Is oemhlned wilh.matals must liavo tho pro* 
porties of tho stilphur contained iii sulphuretted hydrogen, whilst tho sulphur combipod 
with eWoriue is lUte tliat whioh is oombinwl wit,l» oxygoii in suipburoun anhydrido. 
Hence UKrUiclut reoiigiiiMim tho prosonoo of soluhle sulphur in inoluUio sulphides, and of 
tlio insolulilo ntodilhiftlion of amorphons sulphur in sulphur ohloritlo. Clooa showed tliak 
tho sulphur procijilUltKl from soUitiune is either soluble or insolublo, aoootding to 
wheUior it seporatos from an olkoliae or odd solution, If sulphur be melted with 
a mnoll quantity of iodine or bromine, then on pouring out the molten moss it forma 
amorphous sulphur, which keeps so for a very long Umo, and is insoluble, or neoxly ao, In 
carbon btsulphlda, Thi* is token odvintogo of in easting oertoln artiolea in sulphur, 
whIoU by this means retain their tenacity for a long tlmoi for example, tho diaoa of 
deoWcal machinas. 

0 Hero, however, it ia very important to remark that both bonaene and aoobylene 
mui exist at the ordinary ternperalure, whilst the sulphur molooulo 8. only exists nt high 
tenqw.ralures ; and if this sulphur ho allowed to «h) 1, it passes Antb into 83 and tbon into 
A lli|ui,l et«to, Were it iKtswIhlo to have sulphur at tho ordinary tamimraluro in both tho 
almvo nuHhdcalUms, Uum in all prohability Iho sulpl\ur in tho state B, would present 
.totally dtlTertint projwrtioa from Uioso whioh it has in tlie form Sj, just as the proi»ertleB 
Uf giwm.uB wwtylcne are far Inm being Blmllar to thoao of liquid henxeno. Sulphur, in 
Jttw fonn of B9, Is prolwldy a suhaUncm whioh boils at a muoh Jowev temperature than 
'the variety with whioh wo wo now dealing. X’alemo and Nostui ( 188 S), foUowlng the 
methml of deproBslon or fall of the frwidng-polnt la a b«n»p« solution, found that the 
jmolecuhiA:)! sulphur In solntioa contains S.« 

One must hero ooh atteatten to the foot that sulphur^ with all Ite analogy" to 
cwyien (which also sJiow» Stoalf in Its faculty to give the modifloation S*), is also able 
to ifte a efldw of eompouads oontaialag ruore Atom* cf milpbnr than the onalogoue oxy- 
gen wmpoBad# do of «(««• ^ ittrtejaoe, eompotmds of 6 otoma of eulphur with 
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as a rule this only takoa place at a high temperature. At the ordinary 
temporaturo it does not enter into reactiouB, owing, amongnt other 
things, to tlio fact that it is a solid. In a molten state it acts on moat 
metals and on the halogens. It burtvs in air at about 30Q“, and with 
carbon at a rod heat, but it doe.H not combine with nitrogen. 

I’ino win'?5, or tho powdons of Iho greater numhor of matala, burn in 
the vapour of .sulpliur. The direct combination of hydrogen with sul- 
phur is restricted by a linut™that is, at a given tempesrature and under 
other given conditions it d<H>H not proc«xl unrmtrictotlly , them is nd 
explosion or rocalesoenea HulphumtttKl hydrogon, IlaB, d»HH>ra|K»« at 
Its toraperaturc of oombination—that Is, it is easily diweiated,'^ Tho 
same phenomenon is repeated hero as with water, exmpt that the tera* 

pemture* at which the attraction of hydrogen for sulphur begini and 

oeosos are much lower than in the case of oxygen and hydrogen*. The 
temporaturo at which oomhination tak«w place Is hero, m in many ottior 
instances, nearly tho tiamc as that at which diwociation Iw'gins. Honro 
»ulphun'{tf;(l hydmjm i« formed hi a small tjuantity by the direct 
ignition of a mixture of tho vapour of aulphur and hydtogen. How- 
ever, tho temporaturo must not Ite high, beeause otherwise tho whole 
of the sulphuretted hydrogen is decomposed ; but at lower tempemturw 
a small amount of sulphuretted hydrogen is formed by direct oombina- 
tion.** Sulphuretted hydrogen however, like all other hydr^^ e«B- 

1 fttoffl of bwHlntn, BaSa, known, wliw*m,awlU» oiry^ only BftOg le known. 0» «wy 
«idn one cannot but sec in Buliihnr n fneutty for Ui« union nf r Kvoator rmmlwr of fttojma 
Uittn with oryRon. With oxyffon tho fomi nf oisono, O,. in vory nhisUhlo, lh« »l«lilo form 
fa (>9 ; whilwt with mUjihur Hj I» tho nUhlti form, Rnd tt, in nxt'oorlinKly utinUldn. Purtber- 
ajom, it ii rotoarknhlo IhatRnliihHruivcBnliiKhcrdpffrwjnfoxiilnUmi, otwTftspood.* 

it were, wiUilta tx»B)pI«»x«mu««*itton,if wcnupjHwethfttln ftmr ateini «»( 

arc »I>lJMs«iby os|gcni«if1 tm« by two akitiwof bytlmgcn. The fwinulwnf tta eowpenttA#, 
E18O4, Ssij, 8*4 many ote«ra, Itavn no umaioftw among tb« wmp«mto 

ol «qpp«. eormpoad with the form (eaa ptnrfetan of th» tnlphw Wn# 

retlw^ by osgifMi and another _^by metal#), wWeh t# not atfettoad by «wy'i«m. fa tela 
ot rab^bar to hold many atoms of otbor »nb«ta»cNM the Mm fprow apftw whMh 
e#w» mwy 8ftw»» of wlphm? to ftmn «© moloeak. 

w fa the fomaMeu of potawiam enlphld#, (fart bs, te tho eomWmIton of #i 
parts of sulphtw with 11 of poto^mn), aboat KM teoawufid hn»t naite «po iov#. 
loped. Nearly m mneh hmt Is dovetopod in tho oombinatfaB of an oqidwa«rt qnanH^ 
of sodtttBa f abonl M Ujonwmd h»l anSta in tho fomattoa of «ydU« m rtronllttw wl- 
^a« f shoot 40 thottsand for dne or oadmiMo snJpbHe, mA ahont fO tboamnd fcr iron, 
ooMt, or niekd snJphldo. Low boat ia evolved in tee ownWnatlen dt obJi^wp with 
^ip®^ faad, and #av«*. Aooording to Thom«n, enJplwr dtowlop Imt wife 
■fa TM m«W<m It,aq,K5,8 « tl ,W0 oalwioa. Bnl, m fct rwwtta* If -t 1^ + Arf 

’Aitllm'. MifcM wdorioB, It follows that tho moMoa Ht-b i 


phidos arc, as a rule, easily formed. A sulphide, when mixed with a non- 
volatile acid, may give, by double decomposition, a salt of the acid taken 
and sulphuretted hydrogen, MaS-hH 2 S 04 =IIaS-|-M 3 S 04 , However, it 
is not all sulphides nor solutions of all acids that will evolve sulphuretted 
hydrogen, which fact is exceedingly characteristic, because, for example, 
all carbonates evolve carbonic anhydride wher^ treated with any acid. 
Sulphuric acid will only evolve sulphuretted hydrogen from those sul- 
phides which contain a metal capable of decomposing the acid with the 
evolution of hydrogen. Thus zinc, iron, calcium, magnesium, manganese, 
potassium, sodium, «fco., ‘form sulphides which ovolvo sulphuretted 
hydrogen when treated with sulphuric acid, and the metals themselves 
evolve hydrogen with noids.''* The sulphides of those tnotals which do' 
not liborato hydrogen from acids do not generally act on acids — that is, 

IiUliift tthowiitl, U\« lulillUon, droi> by drop (from iv tunnel with a etopoook) ot lieavy (O'O), 
nniiUlIia nil (of lubrionllng oleoanphtha}, Sso., ia followod by n regular ovolutlon of aul- 
phurallod Uydragen. Tkla ia onologoua to iho notion of bromine or iodine on paraiSn 
and other oila, beoanae hydrobromto or hydriodto acid ia then formed (Chapter ^L]| 
A eeetaht amount of hydrogen aulplUde' la even formed when aalphux la boiled with, water, 

I'* However, the matter ia really much more oomplloated. Thus aino aolpUde evolves 
aolphurettod hydrogen with aulphurlo or hydroohlorio aolda, but does not react with 
aoetio aold and la oxUlieed by nllrio ooid. Porroua aulphldo ovolvoa aulpburettod hydro- 
gen with aeida, whilst tho biaulphido, Poflj, does not react with acids of ordinary strength, 
Tliift almmiee of action dopemlo, anu)i»g other tilings, on Xho form in which tho nattvo 
Iron jiyrilos (w'i'urs ; it is a crywlalline, oompact, and very dense Bubstanoo ; and acids in 
genond react with great difUoulty on such moLolUo sulphides. This is soon very clearly 
in tlie ease (if sine sulphide; if tliis substance is obtained by double dooomposltiou, it 
Bcpamtoa a# a white preeipltate, which evolves sulphuretted hydrogen with great ease 
when Umted with acids. ISino sulphide is obtained in the eame form when sine is fused 
with sulphur, but native sine sulphide— whioh oeours in oompaot masses of sine blende^ 
and hft« a metaUio lustre— la not decomposed or aoaroely decomposed by aulphorio acid. 

Another snuree of corapUealion in the behaviour of the metalHo sulphides towards 
acids depntls on tho action of water, and is shown In tho foot that tho aotion varies 
with diltorant dogrees of dilution or proportion of wator present. Tho best known 
example of this ia antimoiikmn aulplildo, BlijSs, for strong hydroohlorio acid, contain- 
ing nut more water than ourrasimnda with HChOIIjO, oven deoompoaos native anti* 
rmmy glftitoe, with evolution of Hulphureltod hydrogun, whilst dilute acid has no action, 
and in the proBenew of an oxoeaa of wator tlio reaction SfibCla + BIIaSMSb^Sj + OHOI 
ooeurs, whilst in the preaenee of a small amount of water tho reaction proceeds in 
•xaeUy tiie op{ioii!to dimtion. Hero the participation of water in the reaction and its 
affinity are evident, 

Thafaeto llmt lead sulphldo ia insoluble in acids, Uiat xino< sulphide is soloble In 
hydrochloric acid Imt innoluble in aoetio aold, that oalolum sulphide is even deoompoaed 
by earbonie aeid, *o.>--all these peeuliaritlee of the sulphides are in oorrelation with the 
WMouat of heat evolved in the rwwtion of the oxides with hydr^en anlpWd^ and with 
arid#, M is oeen from th« observations of Fuvre and Silbenaan, and from tho oomporiaons 
matle by BerUielofc In the Frooeedings of tho.Paris Academy of Sciences, 1870, to which 
we refor the reader for farther details. 


of acids on ratstollio 8ulphkU« may b« lookodi on m a. phenomtmon of tbo 

combination of hydrogen, at th® inoraont of ite ovolution, with muI* 
phur, which is combined with the metal. Such a repmstmtation k all 
the more alraplo as all the oircumstanet* under which luljihuretkxl 
hydrogen is formod are oxaotly similRr to the condltioni c»f tho forma* 
tion Ilf liydrogon itself. Thus tho usual motlo of preparing auljAaretted 
hydrogen is by tho action of acid m /^rrma md^divU, in 

width titu Hiunts apjiaratus and mothcKl are employod as in tho prepara- 
tion of hydrogon, only rtiplaoing llm mofcalUo iron or tine by ferrous 
sulphida or liuo iulphido. Tho re^tion betwoon iulphido of Iron and 
sulphuHo acid takoa plae® at tho ordinary tom|>oratoro, and is a««ro* 

paniod by juit u tiuall a dm^olopmont of hmt m iu the libtmticm of 

hydmgtn itiolf, FoS + HaSO^-F^O^ 4 - 

In nature Rulphurotbdl hydrogen l» fommtl in many way& Tho 
most uiuol motle of its fortimtion li by tlm decomiajsitlon of nlhu- 
rainouB BulrstaticoR containing sulphur, aa mentioned above. Another 
method is by tho riKluoing lU'tion of «»rganie raatUu* oil sulplmtoa, 
and by tho aotion of water and oarbonio oohl on tho sulphidw forwoHi 
by this rmiuction. Voloanle eruptions ar« a third »or» of aulphurettcd 
hydrogen In natur®. Although sulpburttfod Ihydrtfwi k forwul in 
small quan^Mss tv>srywhtre, it ntvtrthelai^ mm dlmppwni Irm tho 
atwonphew, owing to its bolng milly doeomposod by oxidte^ 

Many minors waters contain sulphuretted hydrin, and •mell of it ; 
they are (»11«1 'sulphur waters,' 

Sulphuretted hydrogen, at the onlinary tertijwraturt', k a colnurlew 
gM, having a a very unpletwiuit odour. It haa, m ite comjKwition H98 
shows, ft spedfio gravity seven twm times greater than hydrt^m, and 

AnrraM «u|f k fimad tMantti a pl»m <4 (nm bt mi iMitavnl whll« hwl, 
m& &«a wmvinf II Am lbs bb-aglag ib4nki wutaei wiih a dl 

Ombte^lMi ftscn Iwwid*, oMmpaaM bji Uta davvbj^tMl t4 hwt, lh« 
IWMM iMHMd Tbs aalj^kltla <4 Irw Urn k a bkeli, 

IwMb k wlw, W1^ damp !l aHrMta mfgm htw air, and 

l« mvfvWi fate |ma vtlwkt, f tSO.^ It all dw lr»n dow ml wmbiM wiib dw Mlphuf 
ia ‘Um mUiad d«mtM abov% dm oeUeR of aalpbark add wiQ wvdivs hfinyw m w4l 
M hf dK«« Bulpblda 

W» wlU n»l dt8«rib® tt» of lb# U h|4iBW* 

Oftploydi as a rwfmV ta lh« labe»tef|, bscaui#, la tb« tort ^ mb 

sswi.lWll’ Ibt s«u»e as in dM of hytoi^n, di# i^wol |^i*% 1^‘Win 

&• and Modaoto wpSoyad em alwap la twbtwdto *ai%ti«il 

F««wiaa md^pUdii b« «k(vatt.tepenrt]f % «*W«w» wlfkWb m a 

HMm’ of Mdsinm mA m^nartam^ aalpbidim. A aimioa dt kfimo}{iW&», 


Jiea at about — 74°, and at the ordinary temperature >«rhen subjected to a 
pressure of 10 to 15 atmospheres ; at — it is converted into a solid 
crystalline mass.*®*’*® The easy liquefaction of sulphui*etted hydrogen 
is evidently allied to its solubility. One A’olume of water at 0° dis- 
solves 4*37 volumes of sulphuretted hydrogen, at 10° 3'58 volumes, 
and at 20° 2-9 volumes. The solutions impart a very fcoblo rod 
coloration to litmus paper. This gas is poisonous. One j)art in fifteen 
hundred parts of air will kill birds. ]\d[amraalia die in an atmosphere 
containing of this gas. 

Sulphuretted hydrogen is very easily decomposed into its component 
parts by the action of heat or a series of electric sparks. Hence it is 
not surprising that sulphuretted hydrogen undergoes change under the 
action of many substances having a considerable affinity for hydrogen 
and oxygen. Very many metals evolve hydrogen with sulphuretted 
hydrogen, so that in this respect it presents the property* of an acid ; for 
instance, 2 H 2 S 4-Sn=2H2 -hSnSa. This may bo taken advantage of for 
determining the composition of sulphuretted hydrogen, because a given 
volume then leaves the same volume of hydrogen. On the other hand, 
oxygen,'® chlorine, and even iodine decompose sulphuretted hydrogen, 

15 bis Liquid sulphuretted; hyffifqgeTi is most easily obtained by the dooompoaition of 
hydrogen polysulphidd Which we shall presently cleacribo, by the action of boat, and in 
the presence of a small amount of water. If poured into a bent tube, liJco that doscrihod 
for the liquefaction of ammonia (Chapter VI.), tlio laydrogon polysuliibido is docompoaod 
by heat, in the presence of water, into sulphur and sulphuretted hydrogou, which con. 
denees in the cold end of the tube into a colourless liquid. 

Sidphuretted hydrogen is still more soluble in o-lcohol than in water; one volumo 
at the ordinary temperature dissolves as much as eight volmmos of the gas. The solu- 
tiops in water and alcohol undergo change, espeoioUy in open vossela, owing to the fact 
that the water and alcohol dissolve oxygen from the atmosphere, which, acting on tho 
sulphuretted hydrogen, forms water and sulphur. The solution may be so altered in 
this manner that every trace ot sulphuretted hydrogen disappears. Solutions of sul- 
phuretted hydrogen in glycerine change much more slowly, and may therefore be kept for 
a long time as reagents. De Porcrand obtained a hydrate, H38, 1611^0, resembling the 
hydrates given by many gases. 

Some metals evolve hydrogen from sulphurotbod hydrogen at tho ordinary tom- 
perature. For example, the light metals, end. copxoor and silver (especially with the 
access of air ?) among the heavy metals. Hence urhicleB mado of silver turn block in the 
presence of vapours Containing sulphuretted hydrogoxi, booauso silver sulphide is black. 
Zinc and cadmium act at a red heat, but not coiuplotoly. 

>8 If sulphuretted hydrogen escapes from a fimo arifloo intoUho air, it wiU bum when 
lighted, and be transformed into pulphorous anhydride and water, But if it bums in a 
limited supply of air — for instance, when a cylinder is filled with it and Hgbted~-lhen only 
the hydrogen bums, which has, judging from the amount of heat developed in its com, 
bustion and from all its properties, a greater afiduity for oxygen than sulphur. In this 
respect the combustion of sulphuretted hydrogen reaembles that of hydroeorbons. 
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romoving tho hydrogen from it and leaving free sulphur, so that in 
this reaction tho sulphur is replaced by tho alKivo-namod elements ; for 
example, IIaS + Bra=s2IIBr + S. In no either hydmgt'u compound is 
it 80 mny to show tho mhstitulion, Iwith oi Ijydrogon and of tho elo- 
mont oombinod with it, as in hydrogen sulphide. This clearly pmvog 
the foeblo union between the elements funning this gas. Compounds 
containing a considerable amount of oxygen, with which they easily 
part, can accomplish tho si'paration tif the sulphur very easily. Hueli 
are, for inetanoe, nitrous acid, chromic acid, and oven ferric oxide and 
the hightir oxidca like it. Tims, if Hulphuretted hydrtigen he pasMtuI 
into a solution of ohromia acid or an acid solution of ferric oxide, 
water ig formed, and ihts Mulphnr is in a /irc aittiid. Thus, 

sulphuretted hydrogen acts as a reducing tiffuntt in virtue of tho hytlro- 
gen it oontaini. Salts of iotllo, chlorous, chloric, ami other acid.*i uro 
recluoed by sulphuretted hydrogen, their oxygen acting mainly <in iti* 
hydrogen , but in the pretenee of an §xo&m of a powerful oxidising 
agent a portion of the Bulphur may also l>e oxldiwxl to sulphumui 
anhydride. The rtalucing action of sulphuretted hydrogen is frequently 
applied in chemical manipulations fat tho pn*parati«n of lower oxido!*, 
and for tho converaion of cortain oxygon compoumU into hydrogen 
compounds , thus, the higher oxides of uitrogtuj arti converted into 
ammonia by it, and in tho presence of alkali# the nitrcj-comp^mndi aro 
converted into attmtonla dtsrivativiw. The rtmoiion of *ulphurett<xl 
hydrogen on siUphuroui anhydride belong# to thi« cla« of pheno- 
maim, the chl^ produot# of which or© sulphur and water, ^HjS+SOj, 
«2HsO+B8. 

Tlio acid character of sulphuretted hydrogen i« clearly »oen In it# 
action on alkalis and salts,'® Thus load oxido and its salts in 
tho presence <jf Hulplmrottol hydrtjgen form water ur an acitl, and gul« 
phldo of load. PbXa +'HaHsaPbB*b2nX. This reaction take# plae© 
©von in tho ptmene© of powerful acids, Imcauao bad aulphido ii on© of 
thoi© wlphidw which ar« unacted on by aoids, and in stdutioui th© 
reaction li a oot»pX®te on©. rtaction i« taken mlvanteg® of for 
th© pr^^yration of many acid#, by flrtt ©onvirtiag into a lead mit, and 
th«n fubmltfcing fchia wdfc to the action of lulphuretted hydrtjgeo. For 
©xamplt, lead formate with iulphumtted hydro^pn give* formi© acid. 
8alphur«tted hydrogen In aeMng on a num^ of ffittalllo aoid auktenow 
in ©olution or in on anhydrou# itete alto formt oormpondioff aubbatM : 



uo wj uiHu i auu ii ine Buipnur compo.una oe noxi aecomposea 
by wator. Thus solutions of arsonious acid give a precipitate of . 
arsonious sulphide, AsjSg, with axxlphurotted hydrogen. This reaction! 
proceeds not only in the presence of water, but also of acids, because 
the latter do not decompose the resultant sulphur compounds. The 
(type of the decomposition is the same as with ba§es — that is, the 
iflulplmr and oxygen change, places ; RO,, + wHjS s= RS,, + nHaO. Some 
flulphidea Corresponding with acid anhydrides axe decomposed by 
water, and therefore are not formed in the presence of water. Such, 
for example, arc tho sulphides of phosphorus.*® 

The metallic sulphides corresponding with the metallic'’ oxides 
3havo either a feeble alkaline or a feeble acid character, according to 
the character of tho corresponding oxido, and therefore by combining 

Tljs ttulphido P4S is o\>(iainod by cautiouBly fusing tlio roijuiBito proportions of 
'common phoBpliorua luid anlphur ujidor wator J it is a liquid which BolidifloR at 0°, and 
"may bo distilled without mrdorgolng change, but it fumes in air and easily tolcos fire. Tho 
higher eulphide, P.j8, has similar properties. Bub little heat is evolved in the formation 
of these eompounds, and it may be supposed that they are formed by the direct ,oonjuno- 
tion of whole moleculea of phosphorus and sulphur ) but If tho proportipn of sulphur bo 
inoreawd, the rtwetion is acoompanied by so ooriHidorable a rise of temperature that an 
explosion takes place, and for tho aako of safety rod phosphorus must bo used, mixed 
m Intimately an possible with powdered sulphur and heated in an atmosphoro 'of oarbonio 
anhydride. Thti highor compounda aro deenmposed by water. By iucreoaiug tho pro> 
portion of tiulphur, the tullnwiug coiupoundu have been ohttvinod : P483 aa priflraB,-«(fu8es 
ttt IRB'*, liobw), s(iluhl(( in carhrtn hiHulphide, and unaltered by air and water; pho^horm 
trivulphiclfi, I’aHj, iu tho analogue of I'.jOj ; it is a light yellow crystollino compound 
only Mlighlly soluble in otvrbon biaulphido, fueiblo and volatile, decomposed into hydro* 
gm eolphido and phoaphoroua acid by water, and, like Uio highest compound of 
sulphur and phosphorus, PaSjt it forms thio-soltB with potassium sulphide, &o. This 
jpfto^fwrutpmiamlpMde corresponds udth phosphorio anhydride; lilcethetrisulphideife 
4giv« hydrogen sulplUde and phosphorio acid with on excess of watw. "It reacts in many 
respeots like phosphorfo chloride. The sulphide PS, is also known ; tlie vapour density 
of (hi# oompouud Beems to indicate a moleoulo PgSa. 

JPhaifihorm ndiihochluntla, I^SGlj, oorrosponds with phosphorus oxychloride. It is 
a oolourloBB, pleasant-Hmolling Hqxiid, boiling at 124°, and of sp. gr. I'CB ; it fumes In air 
and is deeompimcd by water; PHCla + 411,0 « PUjO, + Hafl -f- 8HC1. It is obtained 
when iduisphorie ehlnrido la treated with hydrogen eulpliido, hydroehlorio aoid-boing (dso 
formed ; it is nJwi produced by the action of phosphtirio ohlorido on certain sulphidoB— for 
example, on nntimimiciuH sulphide, also hy tho (cautious) action of phosphorus on sulphur 
oblorlda : 9P + 8H,Cla al’BCl^ 4- 4H, by the action of PCb upon certain sulphides, for 
-example, Sb-aBj, by tho reaction : 8MCI + PsSj PSClsH- MaPS^ (Glatsol, 1898), and in the 
reaeUon flPClj + 80CJ, « PGlg + POClj + P8C1|, slrowing the reduoing ootion of phos- 
^orus trichloride, whioh is esiweially olehr in the reaction 80® + PClj " 80, + POClj. 
Thorpe and tkklger (1880), by healing 8PbF, or BiFg with phosphorus pentamlphlda 
(and also hy heating hsFg and PBClj to 180°), obtained thlophesphoryl fluoride as a 
oolourloas, tpontoneoutly inflammable gas {see farther oh, Note 74 bis, and Chapter XES., 
Note tS). The oetioa of PSOlg upon NoHO gives a sidt of monothiopbosphorio acid 


proporbioa of water, and forma the type o! the tulpUur derimtivei, 
which may also be formed by maana of sulphurottetl hydrogen, just aa 
the oxides may be formed by the aid of water. But m sulphuretted 
hydrogen has acid properties, it combines more easily with the baaio^ 
metallic sulphides. Honco, for inatanoo, there exist* a compound 
of Bulphurottod hydrogen with ivylassiutu sulphide, jwtawium hydro* 
Bulphldo, ‘iKHHssKaH f 11.48, just ns there am potaasium hydroxidis • 
hut thoro aro scarwly any eonnKmuds of sulphuretted hydrogen with 
tho aulphitlcs oorrMjionding with acida Thus the atllphidu« of thd 
metal* may bo regarded oithor aa salt* of Bulphurettml hydrogen or a» 
oxidoa of tho motali la which tho oxygon k replaced by aulphur. In 
genwal termi tire sulphides exhibit tho aamo degrfti» of difforeniCfi with 
respect to thdir solubility In water as do the oxid». Thus tho oxid« of 
the alkidi metals, and of tome of the metals of tlm alkaline earths, are 

soluble in water, wbikt those of nmrly all tlie other motala aro insoluble. 

The tame may bo mid os to the tulphidcM ; the wlphidea of the metali 

of the alkalis and certain of the alkaline earths are soluble in water,. 

whilst tht)se of the other metek are insoluble. Those metals, like alu* 
minium, whom oxldw— for example AlnOi—have Intemiediat© pro* 
parties and do not form compounds with feabla adds, at Imst In a. 
wet way, alto do not form tulphidee method, although tbito 

may be obtalnad indlraotly. And in gentral the sulphidii <si the mitela 
are <mdly formed in a wet way, and with particular eatt if thi^,ar» 


®' fli)Iphuir«tl*<l hyittigeu do«i noi wiinmUj Urn nlkiilmii of ftlkdl 

iiydrciKid^a, m> timt. (t> rnttuUm oi potMaium hydroxido will uul nntW my 
|1v0 A. iwulml liijttid with ita}|ihur«lt«Kl liyclmj<w. fn UiIm r««» Uw iMlphurctWi 
Uydregm ftarmB ta wilutitBJ mily bo aetd wdt with Uii» jwlawiiMm ; KHC) ♦ HjS 
KH8 +HtO, It muni b« «app«»Ad tt»t th« normal baH ia not in lh» «dotl« 

— ttat li, thM lha meWna tfRiiO + » K# + SH ,0 dt»#a not take pke«. Tbk l» 

MW itm AmI that a dtrakpmeat of h«at, m U»» forttiilkm {«t4«iam 

KSi, to imarM whoa m hydrin wiphido l« Into a 

finite iM pMiom hyteiM« m H wth ithmh. Bat If a IWlh«r of poteiimk 

M addad fo Om rendkal mlutfca, h#ai to not whilst II ndUi h« 

alMlad. to plmlm add Mlphalo m add mrhmote, hMi l» d«fi»tdp«d. II m«it 
act b« owdftd«d fwm tMi KjjS fa a motmbaste add, tm horB tb«m to a ijiiiwtlon of lh« 

dewmpwlng aefeitea d wndw apa KfS } Ilt« M 4 EtO ta smeU^w muh »th»r bIboW 
slworb haal If the moMoa of EH8 apa KEO wolfM bwt. f^rtbwwor#, II mu«t ha 
token Into Mcoaat that ptowlttffl ^id«, K3O, and H» onhydrimi wide# like It, al« to 
not rdrt to scMion*, fat whpntw titty or-i fo«»td tei»#ti»telj rwel wl^ lt» 
Wfttof, fomlaf «w*tto ptoih, KHO, &e. In Ih# way, dhwilf p®teaii«« •alphtdo, 
KjB, to tomed to watot it to deeoMpsid tot© ptowtam li3^hwE.M« wd hfdwwedpWtos 
K# d* R |0 » EKO + KH8, Peto^ain 8uJphMto,K^te awiMutoltewnwipndt with 


SULPfitjft, SELENIUM, AND TELLURIUM 2ll3y 

insoluble in water. In this case their salts enter into dou^)le.‘deeom-', 
position with sulphuretted .hydrogj^, or with- soluble sulphides, and?, 
give an insoluble sulphide^for instance, a salt of lead gives 
sulphide with sulphuretted hydrogen. By the action of sulphuretted'; 
hydrogen on a salt of a metal, a fteo aoid must bo formed besides the- 
taetallio sulphide. Thus if a metal M bo in a state of pombination • 
MXa, then by the action of sulphuretted hydrogen there will be formed, 
besides MS,’*® an acid 2HX. It is evident that sulphuretted hydrogen' 
will not precipitate on insoluble sulphide from the salts of tliose metals- 
whose sulphides react with free acid, such as zinc, iron, manganese, <feo.' 
The reaction FeOla + HaSssFoS + SHCh.and the like, do not take place 
because the acid acts on the ferrous sulphide. Antimonious sulphide' 
is not octcKl on by dilute hydrochloric acid, but it is decomposed by 
strong acid, and thoroforo in presonco of an excess of hydrochloric aoid 
antimonious chloride does not entirely react with hydrogen sulphide^ 
whilst the reaction 2BbCl;, -4- II HyB=BbaS 3 -4-01101 is a complete one 
in a <lilute solution and with a small (juantity of acid. Those metallic- 
sulphides which are docomposod by acids may bo obtained in a wet way 
by the double decomposition of the salts of the metals, not with hydro- 
gen sulphide, but with soluble metallic sulphides, suph as sulphide of 
ammonium or of potassium, becauso then no free acid is formed, but a 
salt of tho metal (potassium or ammonium) which was taken as a 
soluble sulphkh'. So, for example, FoCla4-KaS=Fe3 + 2KCl.*® 


DurliiK rm-tmt ydurn (lu-ninniuK with Hdiul/.o, IHHU) it Ima boon found that many 
»ntitfiUio mil|,ihiilon whioh wcni (-ttnmdoml Uiliilly iuHolnblu do, under cortabi oiroum- 
utancwa, form vwy unulnblo BolutiouB in -walor, aa alroiwly mentioned in Chapter -I., 
Note S7. Areenio Bulpliide le very easily obtained in the form of a eolation (hydroBol). 
SolntboB of copper and oadmlura euIphidcB may oJho be eaeily obtained by precipitating 
their salts CoXui or OdXg, witlt ammoaiam aulphide, and woahing the precipitate ; but 
they we rB.preoipltakKl by the addition of forelRn nalti. 

w In reality the preredlnK reootion ahould bo oxpreesed thuB : FeCla 3KH3 
m F«a + SKtn t HaH (Note hi), because in the prosenoo of water not KgS but KHS 
reoete. Xlut ivh the Hulphuretted Ityilrogen takes no part in tho reaction, it is usual to 
express the formivtiou of such sulphidee without taking tho hydrogen sulphide proceeding 
fniin Uiu |[Hitas!iimn or amiiioniuiu hydroHulphidos into account. It is not usual to employ 
luitttseiuin milphitht but tinnnonium sulpbide— or, to Hpotik more aoouratoly, ammonium 
hydrtiHulphidi' in order to avoid Urn formation of a nnn-vnlatUo salt of potassium and to 
liave, blether witli llio fnnnulion of the sulpbide, ii salt of ammonium whioh oau altvays 
b# driven tiff by evaporating the solution and igniting the residue— for Instance : 
FeCla + {Nlb)«H - FeH » aNlLCI. Thus the meUllia eulphidos may bo divided bto 
three ohkf akHKis : tU fftow sofitfde in tottfrr. (9) Ihoie imoluhleinwatsT but rmcthig 



belong llwM tnoWa whOM wm*»|Kin«lii)g nxiilw have Rri*l t»r»'jwrtw#. Ifc mo«fc t» 
oUttorvud, luiwevitr, tha^ not all mnUillio Rctck liavtt wirT#*t»«»iwllr»g tulpbides, jwU;^ 
owing til t)»o fttot Umt rerWu arida art> rwdwtnblo by 8Mlylmri»lte»i bydroipH, wjwct^ly 
when Uudr lower d«‘-gree« of oaidaliun wro of a b«l«» csliAraolor. flttoh arn, f«»r Inilanw* 
tlm ttcid# of ohroitdum, nmngwjU'so, Ao. Halnhttf»tl«rf bydrs^w* emvorU ilwntn tola 
liiwor osid», having Uw jnr«i|*orUi« of lva»a. Those baiw* which wiUr 

fiMildo widti, sneh as Murhroloiwjkl mA hytlr«f[«n aulfdtolw, give a j,»r»»i|niAl« of hytlros!d« 
with winnonium »ttlijhid«~f«H* ftXftmjilis aluroinlnra anUta r#«el in thta mannw. Thk 
diflomnee of lh« motols in thtlr behAvloar k»w»r4» wolphttnelbwl hy»}K**n il»« m v»ry 
vuduahto mew# ef BopmItofS them from ^anh tMm, ««nl in t^km of in 

amtlgiieal tthgmiMfjf, If, tor Instoneo, On* mobUa t*f lh«* flrsl and M»t»r 

il to only niwssftry to wmrwti Umm Into iwdnWo iwJK and to wsl w» lha 
ledtttien of th«»lta with »ul|dmr«lliKl hydrt^n; Utl« will prwljdtoto the of Iho 

tliircl g»up in Iho form of aulphldt**, whtUi ihn nnstoto of tim hM group will not h« to 
Uie lea«t wstwl on. 8aeh a melhotl of eoiwrating the metola i« r«iM9oW«tl man fully to 
onalytioAl rhoniistry, and wo wilt Utorotoro htnil<«ur»oUr>a hero to fadttling out to which 
griiupa tti« niiiat oouutnm inelato l>cli«ng, anti Ui« rolour which ia t*r<i|i#r to th« anlphfeto 
pntoiidUtml 

Molah whteh am j>rtmpilnt¥^ hy »atphur 0 t(^d k^dragm, aa Hulphidtoa from a »«4»r» 
kun of thalr aalta, «vun to lh« proMnw of fraa aoid ; 

Thu preotiyltoto to aolobk to ammanimH wiliiUdai 



Tin (y«Uow and brown) I 


Th« pradpitato to fnaolohto to attmtonfam aulphida : 

0uj>pt>r (lilaok) ^prrnrp (lda« k) 

BUmr (black) L»«iH (blackl 

(Mmiun (yaUow) 

M^lak wWrA am ;pimif»Uat*d hp ammtmium nnlphuh tnm\ MUtHrsdi hnl 

not 9>Mci{pltotf«d from ooto adiuUon* by «ittlt»htiroltotl hydrofM * 

Tho stipbtoo prwlpItoM to 1)^ f ky ffe * 

fftwtwWI#) I (mi« cotottfj j l«»(lito«k) 

®b wdpWMto to »l ^tthte to dilute hydwebkrie aeto 

J^WWtbMk) j CttmiibhA) 

A bydrmddo, and not a Mli^hido, to powipltoted 

OAremfitm (p®«o) | AbtmMmm (white) 

•a* ffltto of tb« (UMto and of th« aJkaJiftu «rtla a» not pwipiteted dlh«r by 
*«aphttrtW«d hydropn or awmonittm taljridda. Th« rnolafa of lh« g&aliM •arte* wh«« 
to arid MlotioM to tee form of pl«»||.hate« and many otbw mi^ art pfeci|^l»t»d by 
’iPBitoiteto mdi^jdti beoftMO tee totter nesiraWawi tee h»e add, ^te tewlton of wt 
‘•itoiSSlAi^’il®iiSif tee itrti Med evrdntem of tmlttooretted bydr^wa# 


up tho oxygon and tho sulphur combines with the metal. The sulphides 
formed in this manner are often crystalline, aird often appear with 
those properties and in that crystalline forui in which they occur in 
nature. Besides which wo must mention that many of the sulphides 
of tho metals are oxidised in air at the ordinary, and especially at ai 
higher, temperature, forming either SOj and the oxide of tho metal or- 
sulphates. This oxidation proceeds with particular ease, even at the 
ordinary temperature, when a metallio sulphide is precipitated from 
its solutions, as a lino powdor containing water. The sulphides of iron 
and manganese, (fee., are very easily oxidised in this manner. But if 
those hydrates be ignited, they lose their water (tho ignition must be 
carried on in a stream of hydrogen to prevent thoir oxidation during 
tho proce.s.s), bocomo denser, and are no longer oxidised at tho ordinary 
iomporaturo. Thoso sulphides whoso corresponding sulphates are do- 
compoaed by heat part with thoir sulphur in tho form of sulphurous 
anhydride when they aro ignited in air, and the metal, as a rule, 
remains behind as oxide. This is taken advantage of in the treatment 
of sulphurous ores, Tho pfooess is called roasting, 

Hydrogen not only forms aulphurcbtod hydrogen with sulphur, but 
it also cmnl)iuoB with it in several other proportions, just as it combines 
•with oxygen, forming not only water but also hydrogen peroxide. 
Mtireovor thoso jxilyHxdphidos of hydrogen aro also unstable, like 
hydrogen pcu’oxido, and are also obtained from tho corresponding 
polysulphides of tlio metald of tho alkaline earths, just as hydrogen 
peroxide is obtained from barium peroxide. Thus calcium forms not 
only calcium sulphide, OaS, but also as bi-, tri-, and penta-sulphide, 
CaSft, and all these compounds' are soluble in water. Sodium also com- 
bines with sulphur in the sam.o proportions, forming sulphided from 
ISfa.jS to NaaSa- Tf an acid be added to a solution of a polysulphido, 
it gives sulphur, sulphurottod hydrogen, and a salt of tho metal. For 
instance, M 85 -r 2HC1 « MCla + HgS + 4S. If we reverse the opora- 
tien, ami pour a solution of a polysulphide into an acid, sulphur is 
nob procipitatod, but an oily liquid is formed whiqU is heavier than, 
water and insoluble in it. This-'S the polysulphide of hydrogen j 
MS; + 2E01« MCla •+• HaSfi. As Kebs showed (1888), whatever 
polysulphido bo taken— of sodium, for instance— it always gives one 
and tho same ofspeoiBo gravity 1‘71 (15°). 

XUba look di-, kl., telrw,., and penta-aulphidoa of »odlum, potwium, and batiuro, 
which he by di*#olvlag sulphur in wlutloM of the normal eulphides ; on adding 



hydttigau atid liulphur,*® 

The ioluliln 8«lphkl« and polyaulphidw of the metalg of the* 
idk«dk and alkalin® Mrtb»~rfor astiaplo, of atMinoidym,* {>cit»- 

b;fd:it»M«ri«s Miti he alwnya tihteiuwil ltyilr«iCfn j.MfntMii!j:4ti4t>,'whiniicfl !l i« ihfti 

4H>jBM '•(n " llUjBj-f- (fi F«ir if ItjWj tuuro il wnuhl 

Rewinliiiff O' lh«» tnjiiKiiiiriii 4lf jH;™ H ,t*a * The hy*lt«»i;p« |'«?Miivsttl|4ii4« 

hrt'&hB «}» into hji5r<«|ion »»ulj>ht<lo wnil mtijihur wtimi tmiught lni«> coiiliH'l wtlli wnW. 

to Holm' r«*B**ai'<h«'i» niaity {'hoittiMs BtaUut that «J,l ga««i the 

hl>Milt>hUl«< UgHj. fttnl Hottimmt tv'ogntmHl ntily hy4n»giS»i Irhsulphi'le, HA 

Th« fornwiton <4 the hy^n'geit, In M»ilf front 

the Iftw of Mihdlitution, likn that n( iho w»tnr«t»ii hyttw'Mhoita, • *, kjOTwinf Uiali 

iulj'hur givt'» lljM, W'tiamw the of V!y4n*^«* l«n Iwtti II 

mil HB. Tlii«r«dlel»*. IIH, l« equl'^a.lent to H. lly BHlmUlwiln^ tUI« r*«ii*4o for hy4roj{«si» 
to M|fl w« obtain H TtofcwwiKt- 

k^Mi of C C«Hj» iiw formod in ibia ntwmei' tmm Cil^, Bi*»l lint 

«ud|>hi4* H|B«i a^« th» Iwntwlogttwi t4 11^8. Tin* rjniislion iwri*** «thy in H .jHs, il» 

Umil ol H l« B -tint i»i why iliwi Ibw KubsUtnUiai nndi with Uw formaMoH of |l,Bj f Hii 
answw npiwnra to tno to \m eU'fttly Imwwuk® In tlw Rw*l«c»lw of nullduvr, th-w w« «4*f 
ntows of Nitli'htir (Not4i U) The fixrrrsa tn «»« nmJ lb*> olhor <em» «.» tiw »*»«. In th# 
osui cneo they Iu<l4 toijt'lher, in Ui« otlwr iu»4 Hj’, nod, fudging fMn HA Ww twi* 
iitotm of ]iy4r<)gi>ii are tti|Util in jHiWiir niiit nigtiitk'ani’n U« the niow of «ul|ihur. Jn«l M 
hyiUiiHfn iwro^nlo. It / 1 j. tsx jiroawon the eomtHwitian «»{ MA<*tw, 0|. C« wUleh {! la 
by H*, Mt nliw UiHj, wrwiioiwia with 8^. 

rlmwowfuw ««<|'Anfe, {NK*|«8, nutybe by by»lrtH?»« 

Into ft w»el fttU of dry ftWHumifti m by both dry f«*# k^wlbor Inki n 'rory i»dd 

*wdv«9r. In th« loltar cwn it i« nMtaMry to pmwni tbn mmm of idr, nnd br h«v« nn 
mmm of wnmonift. Und«r thiow eUrowuMteiwt, twe tolamwi d[ wbm^ wwbtos with 
om wlwin of Bttt(dmr»tt«d hydri^n, and bimi n wbnrtoi#, v«ty 'rokWJ#, 

•ob«tft»ee, twving a very anplewant odour, wtiiah i« very {wiskonotw and osiw^ngly 
«n»tfthJ«, Whnn oxjHwwt.to llw» air it nWirta oxygon and a yejlow rolonr, ftiidi 

ihun cWliiitiB oxygon and jKilvNuljdii'tr fonijxiutidH (Iwauiw « «'f Ibo hydrogen 

BUll|jh|'tB givi'ft Wflli’r ttiid miljilair) Il i» »m4mI*Ii> in water sinl forma ft < I'lonrb’M Bolnloiti^ 
whbhj however, in all tirotmhilUy oontnina free OMimonia and the arid wji tSttl 1% 
imawiBW hydrosnljihido, Nlf^HH, or Ttiia aalt la formed wbw dty 

(Waffloalft b mixed with ftB excea* of dry wdjdittrrliwt hy«lri<*fwn> tlw «:«wpwi*4 r»«- 
Mss «qul vtdnmw of Um (wmtionontii NKj r It arytitailimi bi u 
iM« In wtmrkm pM««t md may bn iMwbty voUtlHnNwl Idiwwklinf llto 
msimimk <AMd«h «vm nl th« mftinftry tamipmtafe ; it hw u ftlhaltiwi rwdbm, 
oiqvw Im Mbt idct ia tolnMn in wntet, mA it# mintltm b mnddy t4'«p4'di by 
m uMma dlate of iimmodlft wi^ »ttl{>htintbid hydn^vn. Aimdlng to 
th« OKdlM^ rate, tftlta, Utm othvt ammonlnm «^t«, ifllt up Into ftmmmto u4 
ralpbuMtM hydrc^ when toty tm dfidtUnd. 

A nolntioo of ftwwoaittm toliWdo b nbk to dli»otf« wipto, tmA II ^am 
componnds of hydir«v» poly«ttlpMdn Mid tom# ^ Ibw wwpowdli m*y W 

obW.ood in ft eryiiWHne («f». Thw Tiifcwhn obtota^ » (M«p«md of MMwwta with, 
%ti»pa p«at&«jJ'phid% or ftmmonlom p«lwittlphld«, (Ma 4 lt%, tot thn Wk«di« hmsw i 
WA ifttamtod ft® ftqsnoiw wlntten of ftmwtmla, wfto nAM 

wlphpr to it, sad pMwid Mnstonk p* tele tt» wh» khm 

^<il|inAiedit fnMh ftmnni, Jdtw thb he ^tU® pawd MtAnralM hyftmM teto to# 


i.AV<l4A tW UV/AU,Wi.VU, V* 1*1 »AA**V***\l*** A A J VA* V O J U Va«^ WJ QUl U UAM U U» OUIUVIUIA UJ. 

ammonia with Bulplhiurottod' hydrogen, ia expoaod to tho air, it turna yellow, owing to the 
proBonco ol on ammonium polyBulphide, whose formation is dile to tho sulphurettod 
hydrogen being o;icldi8od by the air and converted into water and sulphur, whioh ia dia« 
Bolve^ Ijy tho arhmonium' finlphide. In certain analytical reaoiiona it ia usual to employ 
a solution of aramoniupa aulphido which has been kept for some time and acquired a 
yellow oolous. ■This.yelloifr sulphide of ammonium deposits sulphur when saturated with 
ftolds, whilat a f»aBldy-propaijei| .solution only evolves B.ulphurptted hydrogen. The yellow 
solution furthernioro oontain,S' 'ammonium thiosulphate, which is derived not only from 
'the oxidation of t]io dmmohinm' sulpiride, but also from theaotion of tlie liborated sulphur 
on the ammonia, just as an. alkaline stflt.of thiosulphurio aoid and a sulphide are formed 
by the action of sulphur on a solution of a oaustlo alkaln 

PotaMium mljihido, KaS, ia obtained by heating a mixture of potassium aulphato 
and ohivrooal to a bright-vod boat. It may bo prepared in solution by taking a solution 
of potaHsium liydroxido, dividing it into two equal parts, and saturating one portion with 
sulplun'otted hydrogen so long as it ia abaorbod. This portion will then contain tlio aoid 
salt KHB (Noto HI). I'ho two portions are tlion mixed together, and potassium sulphide 
will then bo obtained in tlio solution. This solution has a strongly aUcalino reaction, and 
Is colourloBH when fronhly proparod, but it very easily undergoes change when exposed to 
the air, forming potassiura thlosulphato and polysulphides. When tho solution is ovapo* 
rated at low twnperaturos under tli© receiver of an air-pump. It yields crystals containing 
KsBiBHaO (heated ‘at 160°, they part with 0 mol. HaO, and at higher temperatures^ 
'they lose nearly all their water witliout evolving sulpliurotted hydi-ogon). When 
they are ignited in glass vossole they oorrodo tho glass. When a solution of oaustio 
potash, completely saturated with Bulphurollod hydrogen, is evaporated under the- 
vooolvor of an icir.pump it forms colourless rborabohodra of potassium hydrosulphide, 
il(KnH), HaO, KaH, 11.48, IIjO. Thoso crystals aro doliquosoont in tho air, hub ’do not 
change in tv vacuum when heated up to 170°, and at higher tomiwraturas they lose 
water but do not evolve sulphuretted hydrogen. Tho anhydrous compound, KHS, 
ftiM# at ft dark-red heat into a very mobile yellow liquid, whioh gradually becomes 
darker in oolour and Bolidifles to a red mass. It is remarkable’ that when a solution of 
the eompound KHS is boiled It somewhat easily evolves half its sulphuretted hydrogen, 
leaving potassiura sulphide, K38, In solution ; and a solution of the latter In water fe 
also able to evolve sulphuretted hydrogen on prolonged boiling, but the evolution 
cannot bo rendered oomplete, end, therefore, at a certain tomperaturo, a solution of 
potassium sulphide will not bo capable of absorbing sulphuretted hydrogen at all. Prom 
this we must oonolude that potassium hydroxide, water, and sulphuretted hydrogen 
fonn a system whoso complex equilibrium is subjoot to tho laws of diesoeiOvtion, depends 
on tho rolatlvo mass of each substanoe, on tho tomporaturo, and tho dissociation pressure 
of tho oonqKmtmt olomonts. rotasslum sulphido is not only soluble in water, but also in 
alcoliol. 

Bonsolius showed that in addition to potassium aulphido there also exist potassium 
bisulphide, KvHj; triMulphido, Kafl» ; tolrasulplddo, K384; and pontaaulpliide, KaS^. 
According to the rosoarohoa of Beliiino, the last throe are the most stable. These 
dllforent eorapouiula of pntasBiura and sulphur may bo prepared by fusing potosBijim 
hydroxide or corbonato with an excess of sulphur in a poroelain prueible in a stream of 
oarbunlo anhydride. At about 000° potassium pentosulphide ip formed; this is tho 
highest sulphur oompound of potassium. When heated to 800° it loses ono-flfth of ita 
sulphur and give# the tetrasulpldde, which at this temperature is stable. At a bright-recl 


See p. 330. 


Bttliihur ife llii» tuivrn^ tit, h lUv'jimjMWMl i4» jwliin^iinl ImiUng 

{iik> f>uli>lnir«ittotl liyilr*>}j»’H ftjnl jH.|«k»»lum : K=fH.j t altjU— KjH,c.>| » 

A mlwtoMe ettUwJ Umr of tu^kur wm (mnwriy f»!}w«»Uf awsi) ki »yt«J 

mediolB#. Under lUI® n^j h k«»ww tJw wiib^Aw** which is by Ittkling » 

Kilttlltm trf wftUilio I'totesh wUh wm mmm ttl (Uiwets t4 swlphtir. This « 

d piiBteattlidiidft ntd lhk»a«l|>l»b», 8Kf{0+ ItH-aEjl-l* n- iKait,,C>| 

+ 8EfO, Tht wabfttwt^ abtalawl by ]^d4i»»4ttw «fk»fta,to wiih an m€m$ el 

aBlpkay wan ate kiwwa m U¥«r d ftul^wr. U Uds hm ta m Utt}i|4#»l 

’dwfk*r«d h**l d will eMteiti p<»ta*«lhm Ihkwttltdml#, baft aI h(||lM*r l#3ji»pfsrAtBtwM 
iilBin «lphfcl« te torBiad, In dth®f e»« a i»«4yiitttt*S-M4« of t« dtw t»r*»e«i 

of for waiMitlo NaHH, &«,, in w«iii| retj^lrebweiy r»*8»W» 

tte ttfiwi^iantUng jwUwlwiti 

• 'Kitt BwiUlw tif the tt,lkfth«o »ta.rths, bke lh»» tl Use alkalii*, form wriwml wim|«ttmk 
with irtUtthur ; tluw wikittHi hirtttn r<ittijB«oniU wiiU mw md wlflt 0vt» m-Utm* *d solpfittr. 
Tbaro are cloMdless bW inksrniwliitU' Hultdiitlns. If »«1j»lmroll«54 hf«lr*^sft tw jmwi 
over ipiii<«! littw it, forms watfwr ami ntlnum which rs«y atwi b# fiirwed by 

hmtin® ealeium sttljdtate with olnwaal, whilnl if wU^htir bo h«al«»l wilh time »«■ wilh 
csdcliun ih«tt aaiunUly oxy^ (eakittm lhk»Md|>hat« wulphatM) 

«M fotmdl Mkl Iho Mma Um« a« ertkiiim s«tlt*hi4«. Tko p)rt»tww>d wilon of feW vafKitur 
of ffiurbcm bliml]^ii4«) ot^limy when mlx«4 with earbestk tuahydriile, m vlroikglf ignlbd 
^<iiom e««)mAb8 «ntMy Mavoriti fl into «al|»bi4#. Odoiam adjdikk k fmmlly 
oUdned as an nhwwk tdonrlMK, ofMriM, kriuk mnM, whikh i« infiMiy# ak a whito Wl, 
and k Mlnhk la water. THn nd of nolaUon {m with K^B, Note 81) k jiiMiJy 
by a dtmbte «leoottt|K»ikkin wiUi tiw water. When lM>ate«t, dry raicinm «rd{»hiib»do«»wA 
abaorb osygon frttm the atr. An eseosa id water di'i^t<niiH>a«>a li, Ittnw many oUmr luelallle 
Bul),d(idiia, prtM'ipilalmg Imm (as a |if«slutd of the dwim(js'*tlti>M lh«’ Inim hindera thft 
wstltm id thn water xiiam tlin I’ai'i ; »rr a*wla rafnai', Chapter XU., Note la), ami ftwinl^ 
a hydrtwulphidw, CatbiH^ in taduinm. Thte Ci«w|«i«nd i« also texnwd by j»a»«l«g wab 
^himtted hydrogen IhrftBfh an a^mwiaa aolnUon «d rateium anijtbak nr Uww Ite wdnyon, 
Ulm that d MMnm nliplM, ban m atkalUm ^•at?Uon. ll ttet-Mmiawit when 
Msd abwki m^gm from tha air. Gidmum pm(mnl^4*i Ca%, k imt kmiwn in a f«fo 
ite|i% bvd tMf h« obteliidi In admiatnni with rakiont tbki»td{4xate by WdUuit a wdnIkMa 
d U)^ «P wiWw wllUdn with «old««tr ! iCaMfOi ♦ wa SUaBj ♦ CaB.j^% ». Ill,|0. A 
irfmBar rm^onnd te u Imjmra term k fomwd by Um wtJon d air on alkali w«*i«,ai*d to 
hMd tex tbn pwpMca^^ of Ibiosnlpihateai 

MM»y «l th« ttnlpbdoa of th« matals of ^ aUtaUtm mrUw «*• 

^at ia, Oity hav« ttm ftwnlty of «m«tewf U$hi, attw- havi^ bi« »ttbi«W[ te Ihi 
a«ta ©f stmllght, «r ©f any bright «tmr«« of Ufhl tCMi.tw ]^w^pho«*» *«.) Th« 

koteiMi^ laate wme tlma, o«l It k not (krtMMnt, w 4 paiwAly Thda. 

jhoiphowioant prepwly k Ifthawt, ta a gwater «f l« te iwirfy «ii k»^«^ 

hot for a v «7 sherl Umo, whikt with «Wftm It k 

4 WiWi,.ltellng ter »t»»l hottr% and Dowar (IWto) Awmd Aal It is far »«» tetonw al 
t^a^datet# (far tewteoM) In bodies e»Wi }« ItemUi te It te 

idtlh:#'^'llMlt«ltetd tb« murbmn of aabdanoa* bf Um adteo d Ugbl, Md to 4#t». 


pnovoaeons suuatanco rapioiy oxojiob uio groacoso poaaiDio intonaity oi luminoaity ; tnia 
ondblod liitn to found a method of moaauriug tho intonaity of light — is, to obtain a 
constant ijnit of light— and to apx'ly it to photograxdiy. Tho nature of tho oliango which 
la aooomplishod on the surfaoo of tho lumiuoua substonco is dt proaont unknown, but in- 
pny oaso it is a rdnowablo one, bocauso tho oxpormient may bo repeated for an infinite 
number of times and takes place In a vacuum. Tho intensity and tint of tho light 
omitted depend on tho method of preparation of tho calcium sulphide, and on tho 
degree of ignition and purity of tho oaloium carbonate talton. According ||o the obsorva- 
tiona of Booqucrol, tho prosonee of compounds of mangoncso, bismuUi, &o., aodium 
Buliihido (but not potassium sulphido), (fee., although in minute traces, la perfectly 
indiapcmsahlo. Tliia gives roaHon for thinking that tho formation (in tho dark) and 
docompnaition (in light) of douhlo aalte like MnS.NiiiS perhaps form tho ohomloal oauso 
of tho i>houoniona. Compounda of atrontium and barium have this property to ovon a 
groaltu extent than caloium avdldrido. TIvobo compouudB may bo prepared as in tho 
following oxajnplo : A mixtuni of aodium thiosulxihato and atrontium chloride is proparod ; 
a douhlo ducoju]msiltiou takos plaoo botwoon tho salts, and, on tho addition of alcohol, 
atroutium thiosuliilmto, HrBaOs, ia x)rooipLtatod, which, when ignited, loavoe atrontium 
svtlpUido behind. Tho strontium eulxdddo thus prepared emits (when dry) a greenish 
yellow light. It oontains a certain amount of sulphur, sodium sulphide, and strontium 
sulphate. By ignition at various tomporatnros, and by different methods of preparation, 
it is poaaible to obtain mixturas which emit dlrteront coloured lights. 

” As examples, wo will doaoribo the sulphides of arsenic, antimony, and mercury. 
Arsnnio triaulphldo, or orpimoni, AB3S3, ooours native, and is obtained pure whon a 
solution of araouiouH anliydrido in tho prosonoo of hydrooblorio acid oomos into contact 
with auliiburcttod hydrogen (tboro is no prooiiiitato in tho absonoo of froo acid). A 
beautiful yollow prociintato ia then obtaiftod: ABaOs + BlI.jSMOHaO + AsaBj j it fuses 
wbou boated, atid volatiliHOa without dw'.nmjjoaition. AsaSj is easily obtained in a 
colloid ftinu (Chapter I., Noto C7). When fused it forms a somi-transimront, yollow 
niasB, and it is Urns that it ontora tho market. Tho spooiflo gravity of native orpimont 
ia 8‘4, and tljat of tho artiflcially-fusod mass is 97. It is used as a yollow pigment, and 
owing to its insolubility in water and ooids it ia less injurious than tho otlier oompoonds 
oorrssponding to nrsonious acid. According to tho typo AsXa, realgar, AsS, is known, 
bub it h ptobftblo ttvat tho true ooraposition of this compound is As*S.i— -that is, It 
prcaonts tho aorao relation to orpimont as liquid phosphurotted hydrogen does to 
gaseous. litfalgar (Sandaraca) ooours native as brilliant rod crystals of spooiflo gravity 
0-89, and may bo proparod nrtifloially by fusing arsonio and sulphur in tho proportions 
hidtoatod by its fonnulin. It is imoparod in largo quantities by distilling a mixture of 
sulphur and arti(\ulcal pyrites. lake on>»monl it diasolveH in caloium suliflvido, and ovon 
in caustics potash. It is mmd for signal lights and flroworka, bocauso it deflagratoa and 
gives a largo atid very hvilliant whilo flame with nitro. 

With autiitumy, tiulpliur givoa a tri- and a ponla-Buli)hido. Tho former, SbaSj, which 
oorrasiKunla with antimouious oxide, occurs native (Chapter XIX.) in a oryatalUna form; 
ita ap. gr. is tlian 4‘0, and it presents brilliant rhombic oryatals of a grey colour, which 
fuse when- heated. A auVistenco «tf tho same oomixjsilion is obtained os an amorphous 
orange powder by passing sulphuretted hydrogen into on acid solution of antimonious 
oxide. In this rdBi>6ot antimonioua oxide again reacts like arsenious acid, and tho sul- 
phides of both are soluble in ammonium and potassium sulphides, and, espeoiaily in 
the oa#e of orMnious sulphide, ore easily obtained in ooUoidol solutions. By prolongod 
boUtog with water, antimonious jiulpbid© may be entirely converted into tho oxide, 
,.)bydjrog«in sulpWd# being evolved (Elbers), Native antimony aulphide, 6* the orange 


.priwipMiMKi wn«n ib*wi whii nry, tsr owteq ww» stwwirwi, jorww m 

■4ttrk-prtlimr«l iimuM (Kitrmisi winwratj fnmisrly mtk'h »w>«l in in-»4sr»i!t», wbipti rMiiWng 
•a misiar«t ai nntuiwnkwis Mlf»hW« »«*! Tln»» m» «f ihem «ab. 

#taaw8. A 9o-«<JW MitlwKnny twtiuUwa ta m»pk mm4 w» » «t|#5 !i is» |«*sjiAre4 by 
Wlmf wxlium tW(WB!|*liAti (*it with bimbkurnie fflve |>«ti9j «»«! w»i«r 

•(fifty iwfa). Thi« BtibnlaMw jv»bAi4y UBnlalns eut* ei»y»tt}|>bn|«8 »»f wiilimoni’-- iJs«| H.b, 
portion of iho osyiton In tfw of nnliniony In it *« rii;|»l*etf4 t»f Ii»4 «iif« 

imony on*, nwl fthliinony wbirh t«t »<btnift«l by tlw i)i*«»lnb»tk wiA 

^nUmnnit'tiM nititlc, h«i,v« b «jntii{Ar ««iini>i>aitji>H, In fwfjsnisBi*,#' 

tnilphitlf’i HtijHj, (m Ut» nti'sl fri3>jMt>iiUy M»rwl nf tt» ituiphttr r'««ii|M'swft4» *»C Mliwuisf. IS 
i« ((irnnMl i»y lhi» <4 «>n Jh» iwi-oaIIwI BcbllpiVi* wbirl* i« «, 

wilb RIX., 41 M*) 

m«nto nfitl, Hbl.*(t>UJs, wlfcb Umb rej4fi«*Mn«’ttt of osygon l»y »ttl|4n»r, It w *ib«s»l»»*4 by 
Wiin^ flntsly-iw»wili»rrf wbWvo anUnonwy tfiaulf^tkla with twi€<* dl® ws>sg|»t <4 
owlwnat#, ft«4 half il« waigbl of eolphnr Umm, in tbo »f * s«-r»*«}»*«i4» 


<{ttiiwtlky ♦»( w»t«r. Tlw pKwe>d^a laJfeteg {4iw« &r» «w Wtewa :*~Tbs e<ii4ds»i» ia 

•WBVBirtel into hy4r«i4tt by th« limo, smhI tb«« f»riw with tl»« i 

Ibe wlitim rnl^kl# tb«« 44»«4v#* wiMmoay tmlpWb, »W*li i»* Ua* I«j#« 
4«W»«i to gw»4«^ mawttttt.nf a<iU.^a«,. w to4 «. t«i«»|««ns4 ki 
«p(»dlfiK with antiwinsy fa (wAiwm ««}pbf4#. n« «t.a|«i 4 !« |« 

nwf eryaklltaw], <«» Wing U* pwwwfc aw#** of air, wW«k oskbsw# Hi* 

lufclitirn wululiiii*. Tliia «ry*latlis«ta in largo, yellowish «rla«?h «« 

ftiluhln ill wakr «n4 Uavo tho o»tmjw<»ltt>»n ffajKbM^jPHjO. WWm toy 1«*» tlwhf 

water nf rfyuUllihatum atnl ton ftt*o wllhont wltefalten i bitt wb«»M In ih4ult*«, a**4 «t#i» 
fu eryateliinn iontii this mII Wrns bnwtt in air, owing bttoa)ti4iito« *4 to anlpimr 
4 u*tl to Wsahing tip of th« w;iiSHp«i*ii4. A« II b» tiw*! I» ntwtWn**, «#|>s«WUy in to pr*» 
pamiten of anHmofiy pawtonlpbld*, H l« k»pl um4mt n fufiit ^ iito*l*t4, te *»i»kth II 
inaoltibW. pri^pllitte nnUmotty p«iU^I^»hlii brotit % MdfwMw «4 ihi* mIi, m u 

oinmgn powdaVi bnt^ttbte i« «toi vary ftrapoally «im 4 la M»toui« Imiprr MrrffM«n 
nte mWliiMct whwn WaM <rr«4v«« v«po»i« of iwli^r, caiI 

M«tkpbf4« 

®l«f«a»y forma oompoBnd* with snlphttr «»f to tmnrn fc)r|»«» m ll 4o«s with ©syfwi. 
M«r«urr»tti( aulpbitte, easily ephl» np lute mewary »ml »»i.l|4»jto It w 

obhUtM»4 by th« iwlion of jK»taB«iu(u anlplililo on ntoficMmtt* uiikutiito, arnf alsii by lh» 
ftOtlwo of Bttlpltttretol bydmgwH on iiwli»ti«*oa of »»Jl* i«( tfw lyp» HgX. M«*rt5»fi»s aai* 
pMdit, llgth «»iif®»pf»»t4la|S wIlH to oxlite, te r»«jwfc«r ; 11 ia ».«i * bW'h |€»r.i|4‘ 

late fc^y to wiitei <4 « mmm of Milpbwolto byto^on m of mwtmrn wll*. 

Si It tortiMi to m4 Is torsfnrw |»»eif4t*te4 t« Ihdr If «. eswtaita 

MMOat of w«lw mIdMkg •e4|to«lte4 hyAft^i;*ii hw to m wlatte* nf wMWwte 
AMtei II IM » wMift pwlftto* «4 to ft ww* 

fmA A «tf mMMfy Ito to wftktarlite. Ital la to pr»- 

ww «l to bteek pmipitoto @1 twKittita 

it tl If ag'itoSIto (to ip®4 to fwwrf % to 


mUm ^ pd|wd|Mw dt iuwMlftM ttpoh to bMl llfib bat i II Im bwM t« M 
tl fe«» eipMUcts «Wh Is 

towbiur I» tot Cpm fit aptiMa gntvfiy to tl tew s, f«4 
ta H to HMd M a led (rwmilitml in eAt I^M, mi irtte ipteta, ll b « 

UHk ttoittod by iMfMte mm nltiii atM. to m mi Ih m 4 to 
Mew ^ to th i9 tl to to paWiMA^ WtoM hM«M to air, to c«l|^Hr 

WM wnf «»d torw mntoUto (b» nkj^totoiiMiitofr to »»% 

li to totetoi# xBMMfi Mto ptot nf. mmmxf toi lli prto «l M%ter m» 
ItoMto'M'MmMr M MMftto ««4 wtotdtoto » toiUta wto ^ «^fe totoi 
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form an idea of the acid hydrates of sulphur, or of the normal acid^ 
of sulphur, by representing them as the oxLiised products of sulphur* 
etted hydrogen — 


HCl 

H2S 

.H3P 

H4C 

HCIO 

H2S0(1) 

H3B0(?) 

H4GO 

HCIO2 

H2S02<?) 

H3P03 

H4CO2 

HCIO3 

H2S03 

HaPO.j 

H4CO3 

HCIO4 

H2S'04 

HaP 04 

H4CO4 30 


In the case of chlorine, if not all the hydrates, at all events salts of 
all the normal hydrates are known, whilst in the case of sulphur only 
the acids HjS, H2SO3 and H2SO4 are known. But, on the other hand, 
the latter are obtained not only as hydrates but also as stable anhy- 
drides, SO2 and SO3, which are formed with the evolution of heat 

sulphide is thus formed, and separates out from the solution. The reaction which take? 
place is as follows : A soluble compound, KaHgSa, is first formed ; this compound is able 
to separate in colourless silky needles, which are, soluble in the caustic potash, but ora 
decomposed by water, and at 60° ; this solution (perhaps by attracting oxygen foom the 
air) slowly deposits HgS in a orystoUine form. 

Spring conducted on interesting research (at Liege, 1£!94) upon the conversion- of the 
black amorphous sulphide of mercury, HgS, into red crystalline oinnaljar. This research 
formed a sequel to Spring’s classical researches on the influence of high pressures upon 
-the properties of solids and their capacity for mutual combination. He showed, among 
other things, that ordinary soKda and even metals (for instance, Pb), after being con- 
siderably compressed under a pressure of 20,000 atmospheres, return on removal of the 
pressure to their original density like gases. But this is only true when the compressed 
solid is not liable to an aUotropic variation, and does not give a denser variety. Thus 
prismatic sulphur (sp. gr. 1-9) passes under pressure into the octahedral (sp. gr. 2-06) 
variety. Black HgS (precipitated from solution) has a sp. gr. 7-0, while that of the red 
variety is 8-2, and therefore it might he expected that the former would pass into the latter 
under pressure, but experiments both at the ordinary and a higher temperature did not 
give the looked-for result, because even at a pressure of 20,000 atmospheres the black ■ 
sulphide was not compressed to the density of oinnab?J (a pressure of as much as 
86,000 atmospheres was necessary, which could not be attained in the experiment). But 
Spring prepared a black HgS, which had a sp. gr. of 8’0, and this, under a pressure of 
2,500 atmospheres, passed into cinnabar. He obtained this peculiar black variety of 
HgS (sp. gr. 8-0) bjr distilling cinnabar in an atmosphere of COj, when the greater 
portion of the HgS is rodoposited in the form of cinnabar. Under the action of a solu- 
tion of polysulphide of ammonium, this variety of HgS passes more slowly into the red 
variety than the precipitated variety does, while under pressure the conversion is com- 
paratively easy. 

It is worthy of remark, that Linder and Pioton obtained complex compounds of 
many of the sulphides of the heavy metals (Ca, Hg, Sb, Zn, Cd, Ag, Au) with HjS, for 
example HiS.VCuS (by the acfibn of ILjS upon the hydrate of oxide of oopperh 
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boat unibg ftifo evolvod. Tliw© figurtt maj be eoropawl' with thoi» 
which ooiTMpond with the patsago of airbon into CO nncl COj, whea 
29,000 md 97,000 uniti of Jieat are ifol’ctd. Tlii» thiterminci the 
fttobilitj of thi high©!* oxidoi of sulphur, and alio oxpmsuwi tho p©ou*s 

liarifcy of sulphur fti an olomont which, although an analogue of ojtygon,^ 

foriuB stable* cornpoimda with it, and ihusi fimdawiiontally diffbri from 

ohlorlm*. Tho higher and lower oxid**« tif ehhirino aro |»owerful oxf- 
diffing agonta, whikfc tho higher oxide of aulphur, 8t)j, Hm but teblo 
oxidliing powers, and tho lower oxide, 80^, fr©f|u©ntly aet* m % m- 

ducing agtuit, and i« formed by tho direct comhuntiim of mlphur, just 

M cftrlmnio anhydrid®, dO|, prtJowKk from tho combustjon of emrlmn. 
In thi eombttstion of sulphur, and ako in tlm Oxidation (f«»aati«g) of the 
lulphides and polysulphidw by their Ignition in air, »ulphumm ojpiW#, 
or gtdpJkuram nwAyflmk, or mlfAut dhxHio, ia txolusividy 

forinod. It ia profjared on a large acalo by burning Mulphur or noting 
iron pyrites or other aulphidoi^® for the manufaeturo of aulphurio 
acid (Cimptor VI,), anti for dirwt application in the manufaeture of 
wino or for blwohlng tlsiuoa and other purpoat*. In the latter In* 
itancM its appUeation i« baa^ on the faot that aulpHuroui anhydride 
acts on oertain vegetable mattowi, and has th« property of a rodudng 
and fiabk aoid.®*^ 

BSMmbia mltthar, aalto ; mOBoriiakt »ut|^ar, ?b?iCl aalH M«w4it«f 

to ThomiHm. 

m bs Ilcmvetr, wh«fl tulitUec or tiietaUlo «Bl{ihitl»si tntm in an es« »iia ,4 mr, Itipw l« 
atwA^ fannffd n wUin, idUunttjii Km^U, luuttunl ut HO^, ^ivea mtlptiurir »<‘i4 **|lh 
ihn inniniurn <4 tho Hir. 

w The wnmujua amount nf nultilmrin xnid now »nanu(iM!lur**-t (a rSiinfiy b|' 

,rM«Ma$! natlv-B i»yril^ but a n«niad»r»W«» Mwmnl. t.f Um MOj {«.r U*i® t» 

eblaiaii by WMWiif *lne bbmla (SinB) nnd ami W*l •«*l|4a4e#. A nwrlaln 

ta riift p»«»4 »da rehiwe {N«l» fi) andilha r»«dm« obMJwd dw ptw Ifealkm 
olMdpa 

s»hf4rt4« I* by fcfe* dawnnpadOwn »4 many 

h«ivy leettda, by tb« neWnn of bBal j Iml ihl* r«|nif*i a |^iw#rful 
h)^ Mi temaUea of i^fbenim* anhydrbte fribn aulpbaiw }• m it» *«•««. 
p^i«« pop«f to talpbiMk add Itetlf. Wb#» ttili»b 8 »te mM !• rtiw^Sy t«ii 4 {tm 
Insbttoe, br it *V» m ti to |«te w^ter, 

«yfm, Mid tdpburoM Mbydrlde—tbal to, J»t« ito*» w»po»»dt fwa »y«t, <i j« 

'f0rmftd, A efmilw to«peti.U«a pn««d^ dwtoi Ifftitlw «rf ii»ay it#« 

80 tlftbl® a mklmto m mpum dew nnl rwirt lh« m««» of ¥«f b%b Swi 

to deewapewd to tho mum mmnm, Itew botng toft b^blnd. Tho dbw«p^ll#« ^ »aj. 

Iq^hwtl to #««splW»d with sWU p««.t»e to«ittj|^ ta tbs p»^»« siil|4w, 
.hwww to e.»«t the Ifberatod 0!syf«a eowbto* wlA Nta »<i lb# w#l«4 to 

...pfe‘to i 9 W* a «d]^d«. tj^aa wb« tomms iulAal# tsmm tlteWl to wilh mb 


decomposition of sulphuric acid at but moderately high temperatures ) 
it is itself converted into carbonic anhydride, and therefore wheij-' 
sulphuric acid is heated with charcoal it evolves a mixture of sulphurous 
and carbonic anjiydrides : 0 + 2H2SO4 = CO2 + 2SO2 + 2H3O. The 
metals which are unable to decompose water; and which do not, there*-^ 
fore, expel hydrogen from sulphuric acid, are frequently capable of 
decomposing sulphuric acid, with the evolution of sulphurous anhydride* 
just as they decompose nitric acid, forming the lower oxides of nitrogen. 
These metals are silver, mercury, copper, lead, and others. Thus, for 
example, the action of copper on sulphuric acid may be expressed by 
the following equation : Cu 4 - 2H2SO4 = CUSO4 4 - SO2 + 2H2O. la 
the laboratory this reaction is carried on in a flask with a gas-conduct« 
ing tube, and does not take place unless aided by heat.®® 

In its physical and chemical properties sulphurous anhydride 
presents a great resemblance to carbonic anhyd/ride. It is a heavy gas, 
somewhat considerably soluble in water, very easily condensed into a 
liquid ; it forms normal and acid salts, does not evolve oxygen under 
the direct action of heat, ®^ although such metals as sodium and magne- 
sium burn in it, just as In carbonic anhydride. It has a sufibcating 
odour, which is well known owing to its being evolved when sulphur 
or sulphur matches are burnt. In characterising the properties of 
sulphurous anhydride, it is very important to remember (Chapter II.) 
also that it is more easily liquefied (at — 10 '^, or at O'* under two. 

this reaction may even be used for the preparation of this gas. At 400° sulphuric acid 
and sulphur give an extremely uniform stream of pure sulphurous anhydride, .ap that it 
is best prepared on a manufacturing scale by this method. Iron pyrites, FeSj, when 
heated to 160° with sulphuric acid (sp. gr. 1’76) in cast-iroo vessels also gives an abun- 
dant and uniform .supply of sulphurous anhydride. 

58 <ri Mellitic acid is formed at the saine time (Vemeuille). 

The thermoohemiool data connected with tins reaction ore as follows: A 
molecule of hydrogen Ha, iu combining with oxygen (0 = 16) develops about 60,000 heat 
units, whilst the molecule of SOa in combining with oxygen only develops about 82,000 
heat units— that is, about half as much— and therefore those metals which cannot decom- 
pose water may still be able to deoxidise sulphurio into sulphurous acid. Those metnla 
which decompose water and sulphurio opid with the evolution of hydrogen, evolve 
iu combining with sixteen parts by weight of oxygen more heat than hydrogen does— 
for example, K 2 ,Naa,Ca develop about or more than 100,000 heat units! Fe, Zn,]lln about 
70,000 to 80,000 heat units; whilst those metals which neither decompose water nor evolve 
hydrogen from sulphuric acid, but are still capable of evolving sulphurous anhydride from 
it, develop less heat with oxygen than hydrogen, but nearly the same amount, if not more 
than, sulphurous anhydride develops— for example, Cu and Hg develop about 40,000 onfl 
Pb about 50,000 heat units. 

That is, it only dissociates and re*fonns the original produok on cooling. 



p. 79); At O'*! *w VOSS, of wawjt tiwoivo i»u vtm. mriKmio 
ftnhytlrido aad Q88 volt, of sulphuric atihydrUli*), that tho nmlccular 
weight of SOjwfil aiid hf 00|w44, ant! that tho cliusnity of Istjuitl aul- 
phuroui anhydride at 0 ®m 1’48 (molwtikr %*aluwo*a*ir»)Br»d of cartonlo 
aahydrid©»0‘08 (mol«ottlar volume ^49). Although sulphur dloxklt 
is the anhydrithi of an acid, ■ru'Vi'rthelrWf like ctrlnunt’ iufthiiirid^, it dm» 
not fonss tmy ttsililu mriipiumihi with 'wntor, hut « nolulitm frota 
which it siuiy Iw oiitis'rly ox{«'lhHl hy iho ai'iitus sif luntl.* 'IIib meld 
charartor of aulpliurtiusi aohydrido h rloarly oxpr*»'»»tJ hy the fact thal 
it is entirely uh^srhotl by alkalis, with which it forms add ami tsormal 
n&lte wsily wsluhlo in water. With naUa of Iwriwsu, raU-iutM, atnl the 
heavy mtialsi, th« normal «li« t»f the 6lkaU«, |»t«i{»»tat4ii 

«Xfcetly liki fchc»« formed hy tho rarlwniii»«. In g-eneml, th« aitltn ol 
tulphurotti arid are eU«ely analogotw to tho corrospiMiding c«,rl»ofiat«i. 

J,aid miium mlphite^ KallHO,, may b« ohtaiiiwl by *«t- 

phurous anhydride into a solution of wwUnm hydraxkle. It is alio 
fortuwl hy saturating a solution of amiium o4rl»onat« with thu gas 
(rarlKiniu atthydritlo is thms givess ofT), and aa tho aoluhiUiy of thn arid 
sulphite is much gr«at«r than that of the t»rb«us»t», a further c^uantily 
of the latter may bn diwolvtxi after the pmmmi of the sulphwrooa 
anhydride*, m that ultimatoly a v»ry atrtutg aedwtion of the aul{dtit«i 
ttiay be formed In this mannw, from whicb it may ho obtairsed in » 
dty^lHn® foHO< tithor by oooUng and evaporating (wiilwut hiiatiag, 
fw thin thf mlfc would giv® off aulpharwti anhydride) or hy adding 
ftlwhol to the solution. Whan nspoasd to the air thlt «»lt Ititi* 
iulphurous anhydride and attmeta oxygen, which ixsnvert* it into 
emUtjffl iulphato. Th« arid 8nl]^it« of the alkali motola a«i *bl» to 
ooitoblni not only with oxygon, hut him with many oih«r 8«l.*itaftei»-~ 
Iw ixampl^ a wludwi tin wH»« mli dtoolvw iotphuf, formlnf 
wdium kyfl«lph»t% ||vw oryttallino mmspouaik with tht «{<Mtyd« 
wd many «»v#rtliig th«« Into dotty* 

» At a fNWtt tt« frmmM of tbk ps te* t«| »«ti wuj tm 

ttwft el tf "m «ttpw# th* *p»||i«i af i; p« fra* m »lfei 

wlis ft# d avip*aiie*», u mm «i«» to il» dfewwpotlifcw d 

«kk!wn earkmato. 

wJi^ww aaksdrWa to m a larp mJ» CPta«) te» th« ol 

“ 39a to Mf% 3^an% mA mow |»ft te 

WiWto-hjTO*# wW* to fcmrf by ittlphttraat Mft|irWte aei wtte *1 
T^w r mte ft« wdlasuy pfsisam, mA in v»»#to ^^tmm Wsw it*). 


SULPHUR, SBLENnJM, AKD TELLURIUM 
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sulphites. Having the faculty of attracting or absorbing oxygen, acid 
sodium sulphite is also able to absorb chlorine, and is therefor© 
employed, like sodium thioaulphato, for tho removal of chloride (oa an 
antichlor), especially in tho bleaching of fabrics, when it is neooaanry 
to rornove tho last traeoa of tho chlorino held in tho tisauoa, which 
might othorwiso have axj injurious oiFect on Uumi, If a Bolutiun of an 
alkali hydroxide bo divided into two parte, and ono half i« saturaUsd 
with sulphurous anhydride, and then tim other half added to it, « 
normal salt will bo obtaine'd in the solution, Imving an alkaline reaction, 
like a splution of sodium carbonate. Tho aold salt haji a neutral 
reaction.®® Liko sodium carbonate, normal sodium mljddto has the 
composition Na.^SO3,10naO, and ita maximum solubility is at 33 ®—- in 
a word, it very closely reaomblos stKlium carbonate. Although this 
salt clooa not give oft sulphurous anhydride from ite solution, it is able, 
liko tho acid salt, to absorb oxygon fnjm tho air, and is thou conYoHt«i 
into sodium aulplnute.®^ 

Boeidoa tho acid character wo must alno poit»t out tho rtMlucing 
oharaotor of sulphurous auhydrida Tho rtulucing tmtion of sulphurous 
acid, ite anhydride and salts, ia due to thnir faculty of jm^ing into 
sulphurio oeld and sulphateg. The reducing ootion of tibe tnlphitM 
ia particularly onergetio, bo that tliay oven convert nitric oxidb into 
oitroua oxide : K5,SOa + 2NOSSSK.3HO4 + NgO. Tlio«ilteof many of the 
higUtu’ oxides are eonvi'rttnl into those of tho lower— for example, FoXj 
inictFoXg, CuXaintoCnX.IlgXjiuto UgX ; thus ‘IFoXa + HO, 4 2 HjsO 
w 2 FoXa 4 -HaHC>^ 42IIX. In the prew'ttw of water, aulphurtiua 
anhydride ia oxidmod by chlorino (HOj f 211.^0 4 €la«H9H04 + 2lICI), 
iodine, nitrous acid, hydrogen peroxido, bypoohlorous acid, oldoric aciil, 
and other oxygen eompounde of the hal^n% chromic, roangonie, and 
many other metallic adds and higher oxidM, m wdl m all pomidlM. 
Free oxygen in the prMenext of spongy platinum a abk te oxidiw 
sulphurouB anhydride even in tho absenoe of water, in which mm 
iulphurio anhydride KOa i« formed, m tluit the latter may bo pr*»pftr^ 
by imeing a mixturo of sulphurou® anhydride anti oxygm over 
incandewjont spongy platinum, or, mi it is now pn'parod on ft largo wtiUe 
in olKitnical worka, by pawing this mixture over atbcitw or pumk# 

Bflhwiekeir (leW) by mtamlin# NnHBOj wilh potah, ear KK®^ wtUb 


There »«, however, e«ei where atthyslridi* nett bji m 

©siiiiiiog Rg©ftfc--">tUttl I*, it in ihm presenre of awlistanees 

■wWeli lypt «,ptMs of Rbiorhing oxy^tt with «till grraler poi'rgy than 
th» sulphitrow iuhnlrltio Titis otiiiliiiig arti.jn pnK*e«!a with 

ti» formation of sulphyreltwl hjt!fog<fn t»r of whiki tht 

rtHluring ngrnl li at Ujo esj»c>ns*t »f the of the »«)[• 

j4uir<ins!* tinh)"4rk!e. In tins roajwt, iho actU«t <'*f mlis It 

p#rtici«krlj rt*msrkii.l4o, Hiaftnatss ci>lorWe, Hnflj, in an 
wlulion gives a preclpilato of ataunle MMlphido, 8nHj, with anlphriroiii 
ikwhydridp-'-thiit i«, the latter i« to s«lj»hur*’ll«t hydrogim, 

while ittXi to inUt HnX,. A Kjbtinn of sMlphwrtiw* anhydridlt 

few* fttoo an osidWftg aistit-m ott Kiite. Thti ^ne piw»* ini« m-ilntlon, liut no 
hydrt^pa l» wolvdi,** Iwantn a will of hpiimmilphnrtm* tir*4 Xii8j(}|, 
la terw«l. Thi frw aeid to «tlll 1 «m itahte than the mil. 

Tim faettlty of tulphunms ftiihydrhie of minhittinf with v«rio« 
is Bviibnt fmm tho aWve-ellw} rewstipn*, whoro it oowltinit 
with hydrogett and with oxygon, and thi* tonilty alKi np|mars In thi 



eulphurous acid, in their liability to oxidation and in the exceedingly' 
oharaotoristio formation of a peculiar sorios of salts obtained by Pelouze 
and Frdmy. At a toinporaturo of —10° or below, nitric oxide NO is 
absorbed by alkaline solutions of the alkali sulphites, forming a peculiar 
sorios of nitrosulphaies. At a higher tomporaturo these salts are not ' 
formed but the nitrio oxide is reduced to nitrous oxide. But in the 
cold the liquid saturated with nitrio oxide after a certain time gives 
prismatic crystals resembling those of nitre. The composition of the 
potassium salt is K.2SN2OJ5— that is, the salt contains the elements of 
potassium sulphito and of nitrio oxide. 

There are also several other substanoos, formed by the oxides of 
nitrogen and sulphur, which 'belong to this class of complex and, under 

■‘0 Tho iijftl'abiyty of thin nivU in Vory KTOaf, anil may bo compavcd to that of tho com- 
pound of forrouh nulpbato with nitrio oxido, fbr when hoatod undor tho contaoli 
influoiioo of npongy i)ltilinuin, charcoal, &o., it BjilitB up into potaasium sulphate and 
nitrous oxido. At 180® tho dry salt gives off nitrio oXide, and ro-forma potaaaium sul- 
phita. Tiro free oold has not yot boon obtained. These salts rosomblo tho aorioa of 
«ulphonUrila» disooverod by Frdmy In 1846. They oi-o obtained by passing aulphurous 
anhydride through a ooncentratod and strongly alltolino aqueous solution of potasaiuin 
nitrite, They avo soluble in water, but mo ptooipitated by an excosa of alkali. Tho first 
product of tho action has tho composition KjNSjiHOo. It ia then oonvortod by tbo 
further adieu of Hulphuroua anhydride, cold water, and other roagonta into a aorlos of 
idrallar ccmiilox miUa, many of whiuh give wcll-fcrmpd cryatala. Ono must supposo that 
tho chhtf ('aunc of tho formation of LIiobq very complex compounds is that they contain 
unsatumioiV compound a, NO, KNO^, and lUIHOj, all of which aro Buhjoot to oxidation 
end further eorfihinalion, and Uieroforo easily combine among each other. The decom- 
position of these oompoujods, with tho «svoluUon of ammonia, when thoir solutions are 
heated is dno to the foot that tho moleonlo odntalns tho deoxldont, sulphurous anhydride, 
wWoh roduhes the nitrous acid, NO (OH), to ammonia, In my opinion tho oomposiMoa 
of the eulphonltrites may he very simply referred to the oompositioh of ammonia, in 
Vfhloh the hydrogen is partly replaced by the radiole of tho sulphatos. If we ropreaetit 
tho ooinpoaition of potassium sulxfimlo as KO’KSOg, Uio group KSOj will ho equiva- 
lent (aopording to tho law of suhstitulion) to HO and td hydrogon. It Oombinos with 
hydrogen, fonning tho potassittm add sulphite, KHHOjj. llenoo tlio gifoup KSOji may 
also roplat'H tho hydrogoir in aniuionia.. Judging by my analysis (1870) tho extreme 
limit of this (inbstitutiou, N(IIH08)j, agrotm with that 0! tho sulxfiionitrito, which is 
easily formed, simnUanooUHly with alkali, by tbo action of potassium sulphite on jrotas- 
slum nilriU', acriirding to tho equation aK(KK0j) + KNO2 + !3iIa0eN(KSO3)s-l-4HKO. , 
Tim rosoaxohas of Worgluiul, and ospodally of Ilasohig (1887), fully verified my oonolu- 
elons, and »how«(l that wo must distinguish the following typos of salts, oorresponding 
with ammonia, where X stands for tho sulphonlo group, H8O3, in which the hydrogen is 
replocod by petsBHium ; heuoe XwKSOs: (1) NHjX, (9) NHXj, (8) NHj, (4) N(05QXH, 
(6) N({)1I)X9, (0) N(0H)9X, just as NHstOH) Is hydroxylomino, NH(OH)a, is the hydrate 
©f nitrous oxido, sad N(OH)8 is orthonltroos acid, as follows from the law of substi- 
tution. Tills cImb of oompoundB is in most intimate relation with the series of sul- 
phoniferous eompounds, ©orrespoadlng with * ohEmber crystals ’ and tlreir odds, which we 
ennatdft* lator. 


fQjrnmtion o! iulphurio aoid they give oryiWHtiie oaropountto, termed 
ohamher &ryitd». As » ml®, the a)rapo«itioa of tho eryitak ii 
pwwed by tha fomak NlfSOj, This it a eompouml of tho mUolw. 
NOg of nitric wld, and II8O3 o! sulphuric arid, or lutrcwulplmrio 
acid, NOg’SHOg, if lulphuric acid Imj cxpr«»»*ti m OH'BHOj and nitric 
by NOg’OH. Tho tabular crystula of this aubiteneo fu»o at almut 70 *^ 
am formed k^th by tho lUriHit aotiou of nitftmB atdtydride or nitric 
pcroxifle (but not NO, which k not aWwlml by sulphuric acid) <m 
sulphuric acid (Woltrian ftn<l otham) and asp«‘i»lly on iulphurio aoid 
containing an anhydride and tho lower osidt?* of wulphur and nitric aeki,'** 
Thimulphuria «ci«f, IIa8g03-~that is, a oomjwmui of lulplmrotts aoid 
and iulphur— also l>«lo»p to the products of oorabiuation of sulphurous 
add. In the same way that aulphuroua acid, gives If witfi 

oiygen, io !t glvw IlgSgOi with aulphor. In a freis state it. k very un* 
itabi©, anditia only known in the form of ite lalta proc«»iling from fch® 
direct action of iulphur on the nonmU Bulphlte* ; if endtmvouri b« 
iimdo to «p(mmto it in a free state, it iinmtHliatdy spUta up into thus® 
olewonts from which it might bo fomod'-~that ia, into Bulphwr and 
sulphurous add. The most important tii ita wlte ia the mHiium 
tJiiotulphaf^ (known aa hyp<«alphite), NagSaOj.BHjO, which occurs in 
odourless oiyetals, and is unacted on by atmospheric oxygen elthtr 
wbtn in a dry stete or in solution. Many oUber aalte of this add art 
Oftdly formed by means of this mlV' ^ althtmgh this cannot be done 

la th« Bolphurk! soW ebainters tha Uwer axWws »f nlte^n awl ftuhtbtw l«k« part 
i» IbB MAoiton. Tht)}' are (uddiwid by lh« myg^n of tha air. aidl fum 
aeW—itHf •XMttpl*, MQf + BaOa O* + 11*0 «* iH USOa. Tbi# 4i**a}t«» ta 

sidpbaric »dS witbcwl wb«a ibiH to 4liaM (wIm Itw «p, gr. Uk 

Io i‘S), U ipbbi up klo Mttpbmk s«l4 sn&.ailrmui i«b;^rl4«, u<l hf tbs Mli«m of «tub 
pbGum fkshfUde to tele 'iiitok exids, wUrib b;r (te kbs alwwi of lUlrk 

«4ll m teiK^pbarto »«i4 thaw m«llm m tebeti rif 

te BsWUif ite «d4b« d tekegm. te lbs Oaf.&awM mA Im pxtnelifiw Itoi 

iteAdl mMm d dkeipa tem tec rasalteat sdutM te Um (i\mm kmm. MirbtMgb 
ntbris «dAi to ed by •dj^ark mM. to r«Mte (Km, Arttnlw) m it« ubiilrMto, 

and town «aphw»iM iikdiydirta« a»4 a mfMLUm wtetaea, « ISO ♦ ISOi, - «0| 
m NjjOi^iOg. fW* may te wprWi m ite asAyArWe of tiito«»t«J|lt8fta acid, t»ra,wi» 
KtSsO^ « iKHSOji-II^} Ute sik»>sul|,^wte aeM» tl to i»w»|»«idl by w«4«r tote 
nlteo-iBlpbiorie »M mA dkeaa «bfdrito. Stew kato »«4 
dtttetoa wad oQ»« exldiw of Ibo form RtOs wpo abk te »»Wwi with •sipbarte i«b;HW4i 
te tern nimte 8«s,]^and« dtwmpetebte by wrtw, lh« «Jteveswtp«»d*« w^p«»«0* 
any wacj^onal ptenoMwo* 3?ba sutetnyoca NOCWOj dbtetedi If Wtter by tt» 
' aeto d dkonyl ddmidn apm satebarto anbydrkk tetevp te teto diss d mepottte 
Ii ki. loaUa wlto d wid w» ta«w*i» tot 



waits might bo formod, they (like tho acid) split lip into sulphurous acid 
and sulphur, and furthorinoro tho elomenta of thiosulphuric acid in 
many cases act in a reducing manner, forming sulphuric acid and 
taking up tho oxygen from, roduciblo oxidos. Thus when treated with 
a thiosulphate tho soluble ferric salts give a precipitate of sulphur and 
form ferrous salts. Tho thiosulphates of the metals of tho alkalis are 
obtained difectly by boiling a solution of their sulphites with sulphur : 
NujSOs + S epa Na^SaOj. Tho same salts are formed by the action of 
sulphurous anhydride on solutions of thq sulphides j thus sodium 
sulphide dissolved, in, watoi;' gives sulphur and sodium thiosulphate 
whou a stream of sulphurous anhydrido.dS passed through it : 2NaaS 
+ GSOa =: + S. Tho polysulphidos of ’the alkali motals 

when loft exposed to tho air attract oxygon and also form thio- 
sulphates.''^ 

Time wlidu ■nlUali waBto, wbioh contftluB csaloium Bolpbido, undergetea oxidation in 
tho air It first forniB a oalolum polyaulxihido, and then oaloium thiosulphate, CaSaOj. 
^hen hon or eino aote on a solution ot sulphurous acid, hosldes the hyposulphuroua acid 
first iormed, a mixture of sulphite and thiosulphate is ohtainod (Note 89), SSOa+Zn,^ 
'm ZuSQs't’ZnSaOj. To this ease, as in the formation of hyposulphurous aoid, there is 
no hydrogen liberated. One of the most common methods for preparing thlosulphatoe 
consists in tho aelion 6f»ulj)hur on iho alkalis. The roaotion is accomplished hy tho 
■formation of HVilphifiofa and thiosulphates, just as tho roaotion of oMorino on olhalis Is 
aeqmniMvniiid hy tho formation of hyxjoohlorllos and chlorides; honoo.in this rospoot the 
thinsuliihatiit) hold the Hivmo imsitioa in tho order of tho compounds ot sulphur as tho 
hypocliioritos do among Uw chlotlno compounds. Tho roaotion of oanatio soda on 
an excess of sulidmr may be expressed thus : ONaHO + 188 •» aNoaSa+NOaSaOs+SHaO. 
Thu# sulphur is soluble in alkalis., On a largo soole sodium thiosulphate, NaiSaOj, If 

! »rep««d by first healing sodium sulphate with ohorooal, to form sedlum sulphide, which 
s thee dissolved In water and treated with sulphurous anhydride. Tho reaction is oom, 
plete when the solution has become eUghtly add. A certain amount of oaustio alkali is 
added to the slightly aoid solullonl apcurtlon of the sulphur is thus preoipUated, and the 
solution ill thou boiled and evaporated when Uio salt o^ystallisos out, Tho saturatiott 
of the solution ot sodium sulphide by sulphurous anhydride Is carried on in different 
WftyB~fcr example), by means of coke-towers, by causing tho solution of sulphide to 
trickle over tho coke, and the sulphurous anhydride, obtained by burning sulphur, to 
pass, u{> tho ooke-lnwor from below. An oxoobb of sulphurous 'anhydride must bo 
^voided, as othtinvlso sodium trithionate is formed. Sodium thiophoaphato is also pro. 
pared hy the dmdilo dooompoBilion of tho soluble oaloium Udosulphato with sodium sul- 
phate or carhonato, in whioh case calcium sulphate or carbonate is preolpilatod. The 
oaleiitm thiosulphate 1b prepared by the aotion of subihurous onliydrido on either calcium 
mUphlds or alkali waste. A dilute solution of calcium thiosulphate may be obtained by 
treating alkali waste wWoh has been exposed to tile action of air with water. On ova- 
jmrftlion, this solution gives crystals of tlie salt containing CaSaOa.SHaO. A solutlo'n of 
ealeium thtoRulphale must he evaporated with great care, because otherwise the salt 
breaks up Into sulphur and oaloium sulphide. Even the crystallised salt somotiraee 
oaderfoes tW* chwp. 

ffniA est &ra etiwblfi. do not effloroftco andat 0^ aieoolvo in 


oxiilt', or mlphurk an%fin¥4, BOg, by mmy methcKls. Balphario 
ttnhydriclB ii a *oUd oiyitalliae sub»jfcatioti at iU® ordinaty tem|>eratur© j 
it la ©aiily fosibk (15**), and ■'^okfcil© (46*’), wad mpitlly attrMtt moistum. 
Although it is fono»d by the eomblt»tion of iulphuraui anhydrid© 
with oxygen, it !■ cafwblo of further eombinatlori. Thus it eomblnM 
with water, hydrochloric acid, anirnonio, with many hydlrt>ea.rlK5nt, 

om» jwrt tif wrtfc't, (unl B,t SO" iit 0 0 {m.rt. Tim «>t tW» «W<» nol HrKi»>rp» 

tmy wlwii Imilml for e, sliurt tiiim, Imi ^fW prolnitgol ln»tUng il ilmptmHa ttul(>hur. 

Tliw oryjitRlo fui»u 6ti", «.ml looo tt.U their witU>r llHr*. When the dry »«kU i« igMlIUul 
il glvoi »HUum Kuhihide Bbad tiiut|)hal». With tmiils, » wdntiun «if th*» 
boftotuM cloudy ftud «lipo«ilt» aa exceedingly 9n» f»»*w4er «d «ttl|iltHr toj. If Iha 

RBioual of wld added h« eauahlerahh*, II «d»a »velve« Btt!i»huf,*ua anhydrOle ; HilijtJj 
•« 11*0 + 8 + BQf Siwlium IhitJsnIpHak! bw rnany ttwa ; it i« n##*t in |thrtt«». 

grajihy for dlewlrisi: idtvar fihlaritl« aod tmnide. It* widwiil tmliw «»n silvor rfilHrhk 
may he taken nd^anUfe c»f la »*trii«ltnu thia m»l»l nwa eid»»irt4» tttmn il« owe la 
dlwwbing, il forma a doahle wUl of ailvifr «»4 wwlittm : Agttl r « NaCl 

+ AgNaSgOg, Bwliuni tlilo#ul{»Wte in an nnfteftbm—lbftt is, » BwhsUnr^ which hlwlitfi 
Ote desIntoUre smllon of free elilorln# owing to U» hoing rory eeady MStdlwwl by ehhidn® 
int«i wuli'lturio ftt'id (tml »<Mllurti chloride. Tho feiwlkoi with tusliwe la rtifitweal, wtd In 
imtiarkahle for lh« arcurwey wiUt which it |tow»«»d». Tb® i«iitt« fedte* itji half tb* 
BtKliurn frt«n IhoBaltand «uiV«riMit int«» teirftlliJ«»i»t» ; K«,jrt,0* 

(tad hence this rwM'litm is etti|»hiye<l for the dwlprniinftli«io of Irm As Wltia ia 

ejtpelkd from poUasltmi Urdide by oWorln», it la jematbla idft» to dwUstmifw th« amount 
of elibwiftB by this melHod if P»*t*wiam haltda be ftd4#«J hr a woluthw ctmtahiiog ohlorimr, 
And »« many of tb« blgbm' ««kk« aw able to wolva tedtea fwm tw»U«idnm Wide, w 
eblorlna from hydrotsbterw sold (to exampla, tW blglmr osfidea «»f maafsiie*#, obr<*«ilttw, 
&»,), It in •8i»o possible to d«l«rmln« the aimMsnts of ibatw bifttw o*kka by amnt 
Bodlam tblwtadpbale attd Ubimttad iodine. Tbla form* the Iwak of ib« bsb^nmtrie moUsod 
of •raVtuwtria niiaiyais. The dobtU » of thww methods will bi found ttt w«»k# o« wwJy Umt 
Abnwiitry. 

On oriditig a aolutltm of a /«><»{ m!( gradnatty to a wdution of (wlium tbk»ul|dtAtii «, 
while imwipilak of lead Ihwmttipham, I'bHgOj, is form«<) Ca **dttbb» doubte «lt I* 
formed, and II the iwMoa b» rapid, W4 euliihlib!)- WleM ihh* »«b«lMW« k bmtod *4 
TO*, II ft»de»ioM » ebiwtgB and take* fir*. Bwliam tbi*w«lj4i»b» iu wduMoa ri^ldiy 
oupfto «#Jl« to oupraiMi nail* by mwn» of ih« wIpburoM in Ite 

&toMlpb«te, btti tb« mtdtel rntprem# oxhl# l» {M4?ltdtHl«d, bMw it pMMt into 
IbA ilabi «f ft tUMrdptete wd fmrm* a tebk twH, Thw tebk wpim* wtls tm 
WMtod ftfwk. wdttMrm wW bsfttod gSvM ft bMi 

wlp hW ffii. 

Shft Mtewtof iWipWa lb# pfidtea b»W b| AI^J:|^wl« ftM 

mm% otbwr add# d wdj^ur « 

Selpbuwm* a^ ROfltfOlI} 

ittlpha.rio aeW 10^11(01} 

Tbioettlbbsiie add S0#II{0H 

HypflfWpbftrott* adkl 80gH{»C^) 

DilUonio add ft0*0aCi^0Hj 

At mt tbM H WM that all Um sail* d Uttadpbtt^ la 

ammulto wtih walw, rad II wai tbw ftupptMd ^«4 iMr mafMilte wm VUS^t, m 


oxidation of sulplmroua anhydride, SOy, into sulphuric anhydride, SOa, 
is oflbotod by passing a mixture of the former and dry oxygen or 
air over incaudesoont spougy platinum. An increase of pressure 
ftccoloratos the reaction (llaniach). If the product bo passed into a 
cold vessel, crystalline sulphuric anhydride is depositee] upon the sides of 
the vessel, but as it is difllcult to avoid all traces of moisture it always 
contains compounds of its hydrates: HaSgOy and HaS40,a, whoso 
presence so modifies tho properties of the anhydride (Weber) that 
formerly two modifications of the anhydride wore recognised. Tho 
same sulphuric anhydride may bo obtained from certain anhydrous 
sulphates, or those which are almost so, wlnoh are decomposed by heat, 
whilst an impure but perfectly anhydrous anhydride is formed by 
distillation over phosphoric anhydride. For instance, acid sodium 
sulphate, NallSOji, and tho pyro- or di-sulphato, NaaS^Ov (Chapter 
XII.) formed from it, when ignited ovolvo sulphuric anhydride. Orooa 
vitriol-— that is, ferrous sulphate, FeS04— -belongs to tho number of 
those sulphate* which easily give off sulphuric anhydride under the 
action of heat, It contains water of crystallisation and parts with it 
when it is heated, but tho last equivalent of water is driven off with 
difBoulty, just as is tho ooso with magnesium sulphate, MgS047H30 ; 
however, when thoroughly heated, this evolution of sulphuric anhydride 
does take place, although not completely, because at a high temperature a 
portion of it is decomposed by tho ferrous oxide ( 80 $ + 2 FoO), which 
i* converted into ferric oxide, Fe^Oj, and in opnsequenoe part of tho 
sulphuric anhydride is converted into sulphurous anhydride. Thus thh 
products of the decomposition of ferrous stUphate will be : ferric oxide, 
FogOa, sulphurous anhydride, SOj, and sulphuric anhyclride, SOa, 
according to tho equation :• 2F0BO4 «« FegOa + SOj + SOj. As water 
itill remains with the ferrous sulphate when it is heated, tho result will 
partially ennsiat of tho hydrate HgSO^, with anhydride, SOa, dissolved 
in it. Hulphurio acid was for ft long time prepared in this matmer { 
'the pniccM was formerly carried on on a large scale in tho neighbour- 
hood of Nortlhausen, and honoo tho sulphuric acid prepared from 
ferrous iulphate is oalled fuming Nordhauam acid. At the present 
time the fuming acid is prepared by passing the volatile products of the 
decomposition of ferrous sulphate through strong sulphuric acid pre- 
pared by the ordinaiy method. The’ sulphurous anhydride is insoluble 
in it, but it al^rbs the sulphurio anhydride. Sulphurio anhydride 
umv be nrenared not only by Igniting FeSOi or sodium pyrosulphata 


(tlio decoriii'Kffiitiafi protjetida at 600 ’)* but il« bj hcAting 
a tnixturo of tho latter and MgHO^ (WaUera) ; In tht» ffirnwr «ia« a 
stable double palt MgNa.4(HO,)a fiimlly r«Hnttin«. It i# *!s<i nhtulrsfjd 
by the direct oombioation <il SO 3 and O undisr the Rctlow €>{ aiHnigy 
platiaum or Mb«toi coated with ulalinum bbu’fe (b* Wi}jk!or*« pro. 
cess), Nordhftusin RulpUwrio *«':ld ftmu^ in air, owing; “tA liti enntainiug" 
and ©ftsiily giving off sulpliuno anhydcid<>, and it i'i thnr*?fnrt.} al-w mlliid 
/kmitiff mtphiiric mid ; those futnon aro nothing but- th« wiKinr of 
sulphuric anhydriilccuiiibintiiK with tin* nioistufn In tin* sir aw! formlrig 
non-vidatilc Buljdiuric ucul (hydr<iti‘),^* 

Nonlliiiuscn sulidiurli! acid c«intau».'s a lavtiUar rowpossnd of 
and IIjiHOj, or ppnn^idphiirit' {ic-ui ; an iw|wrfiH't of su!|«!iurio 

acid, IlgSaO^, analogoua in comi«isition with lh» 

KgCrgOj, and lujaring tho same ndation to IfjHOj that | 4 yf<»|>ht«|shafto 
acid does to The tiond holding lbt» aulphwdo arid and 

anhydride together is nnstablS. Thhs C« ahviou* front the fa«t lh»t the 
anhydride rnay easjly te s* 4 |»«mted fmm this wtoimwnd. by the aeiinn of 
heat. In order to obtain the definite etjmpmurtd, the Nordhtnifttt acid 
Is cooled to or, ladter still, a |M»rihui nf it !i dktfU»*<i until all the 
anhydriihi and a certain amount of sudjdturlo aeid have |ai»»*'d «>vt'r Into 
tho disitillate, which will then solidify at th« ordinary tem|w*r«tore, 
beoftus© the compouiui H#80,,80j fusw at S0*, Although this »ub» 
Itano© roftot® on water, bw»l, to,, like m siljitttr® ^ W>| <f IlfBO,!, »tlU 

«s Ncrfteam wlphaito attl wmy mtm m a v«v Aiiii fmmm tet A* 
of solphtuic onhySHda. Fw &i« ptrp&M Ite oM U te » 

rttert, whoie neA i« firmly fls*d la Ita oamlh *»f a mdterMitef ftwA: tho tti 

taoJ«ture ia pravenW tiy U*« receiver wish « *tf3fli»i( t«W> f»« Om 

retort Uie vaiwom «f BUlflmric ttiihytlritlrt-wlll jm«a i«ver nOo iho twelver. »!»,« Uwf 
contlunwj tliM cryitUl* «(f iuihy«lrt<lB time {<re}»*re<l will, Kimimn irmm *4 

aBlphurla Mld-^lhal it, ot Urn hyjIrAte. lly re|>e^ir»I!y |»!!<,«|,4»ork» 

auUydridft, It te iwwitle to otliUii dw par® ftalt|'4rl<to, Hf.'h. wpwt&Uf It te 

an vdtheut mom «ir in a. ve«*it. 

TheptdlaMy snlj^arto oAyiiridn, iwhtob i« nnp«l»s*itly lh»fti|4rAi#, k % 

ra. 0 W«wwto, vakife tobiute#, wbirh 

tft kag ««A Oftlf idvv« th« pm oahy^tbl* wh*M Awnll^l »«*#r 

F»0®» p^m» 4 iif rtnemi pm wtftydw#* fwm *1 W ‘ tefc* » ft>l .mhm 

%ata tayrhil a «peite|»vt^ rt ft* » W 1, w«l rt 41^.** } ti tAulfwifti m . Afi#? 

feting iMft Iwf «em* Ita# onfeyHidite, »*i4f »«*ll itmm 

twdwgoti a ehMte cf Wttwfte# A i«»ll ^j«*a4fty «l « ««»• 

fetaw by degriM wttfe a'krp peprtten of Ow anhyieM*, p4|*filpb«tis* v«4«, 

KsSOiittSOj, which tuse with dittwlty {mm al Ite*, twi 4 »w*»«|»‘*» wfe** 


latter nas a largreaTierstaDiiiiy ana is not even convertea iKCo a pertect 
hydrate by water. Further, the salts M2S2O7 dissolved iiL water react 
in the same manner as the acid salts MHSO4, whilst the imperfect 
hydrates of phosphoric acid (for example, PHO3, H^PaO;) have in- 
dependent reactions eveh in an aqueous solution which distinguish them 
and their salts from the perfect hydrates. 

Sulphuric acid, HaSO^, is formed by the combination of- its anhy- 
dride, SO3, and water, with the evolution of a large amount of heat ; 
the reaction SO 3 + H 2 O develops 21,300 heat units. The method of its 
preparation on a large scale, and most of the methods employed 
for its formation, are dependent on the oxidation of sulphurous 
anhydride, and the formation of sulphuric anhydride, which forms 
sulphuric acid under the action of water. The technical method of its 
manufacture has been described in Chapter VI. The acid obtained 
yrom the lead chambers contains a considerable amount of water, and 
is also impure owing to the presence of oxides of nitrogen, lead com- 
pounds, and certain impurities from the burnt sulphur which have 
come over, in a gaseous and vaporous state (for example, arsenic com- 
pounds), For practical purposes, hardly any notice is taken of the 
majority of these impurities, because they do not interfere with its general 
qualities, Most frequently endeavours are only made to remove, as far’ 
' ns possible, all the water which can be expelled.'*® That is, the object 

^ Pyrosulgliurio chloranhydrlde, or jtyrosnVphuryl chloride, BsOsClj, corresponds 
to pyroBulphurio acid, in the some way that sulphnryl chloride, SO^Ch, oorresponda 
to sulphnrio acid. The copiposition 8aO6Cl2=S02Clg-t-S05. It is obtained by the 
action of the vapour of eulphurio anhydride on sulphur chloride: 8aCl2-f6SOj=6SOj 
SjOjCh. It is also fomed (and uot sulphuryl chloride, SO^Cb, Micbaelis) by the action^ 
of phosphorus penlachloride in excess on sulphuric acid (or its first ohloranhySride, 
SHOjCl). It is au oily liquid, boiling at about 150°, and of sp. gr. 1'8. According to 
Konovaloff (Chapter VII.), its vapour density is normal. It should be noticed that the 
same substance is obtained by the action of sulphuric anhydride on sulphur tetrachloride, 
and also on carbon tetrachloride, and this substance is the last product of the metolepsls 
of Clltf, and therefore the co'mparison of SClj and S.jCb with products of metnlepsis (m 
later) also finds confirmation in particular reactions. Bose, who obtained pyrosulphuryl 
chloride, SaOjClj, regarded it as SCl(i,6Sb5, for at that time an endeavour was always 
mode to find two component parts of opposite polarity, and this substance was cited aa a 
proof of the existence of a hexachloride, SClo- Pyrosulphuryl chloride is decomposed by 
cold water, but more slowly than chlorosulpburio acid and the other chloranhydridee. 

The relation between pyrosulphuric acid and the normal acid will be obvious if we 
express the latter by the formula 0H(S03H), because the sulphonio group (SO3H) is 
then evidently equivalent to OH, and consequently to H, and if we replace both the 
bydrdgens in water by tliis radicle we shall obtain (SOjHjijO — that is, pyrosulphuric add. 

The removal of the water, or concentration to almoBt the real acid, Hi2S04, is 
effected for two reasons i in the first place to avoid the expense of transit (it is cheaper 
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amounv OI fttJUOOua vapour wm;ni aeavwt w a oorwwu uujuumi MlH^p«rn,^.u^o, 

At a low tomperaturo either tliere is no ©vaporatlon of wftt«r» or them 


mimmiiiwi ii 





<4 iwU|»iiarti9 aeW l» Hi*** Tim awk «rf #*i»h f« rtSIwM s«i 

kwal lti>'‘e, wVtOw vmltm) arni 1« iiko k mIboh nr e«jU>riiw«fw ¥ic*i5»{ anuta m 


Btas fWM larw, wtttKw arni i-marsai into » miboh nr e«nii>riiw«fw ¥ic*i5»j aruwg m a 

re««lvor Sat llw dtowa wtil«b jkiwm nw frK*n iti« m ehu f^roH^r ssiU muSaiMa « 


Mwwil nJ iwJtJ, 


booftuso at low tumpemturea tliluto Hulphurio ru'id (Um’h j»«*t attack l#ad. 
Bat Rit the aoid Iwooiooa mom eoncentrntwl t.h»» temjH’mturn at-whleh 
tiki wattr oome« ow boeomei higher ami higher, anti then th® aciti 


lo ii»w« W9Jm Itett te j^y tm It* toMsuit), »«4 la iJw |4(wii lwe»H»» »«»y 

p»^«*-4w testae®, e( pst-foteam— rw< 4 ttlf« a atn^ng «*h4 frm» ^cw m 

mm* «l Wftta, &» b«M Imvtai tu* iietai. Wlw« tn tli* ttwn«r«?tMf« «# eiiamlwr 

Ste Gtay-ttit«w k»w»r Cet44, al tiw ewl wf ehawlwf*) «»4 ttt# 

01of«r teww ^bol, at tb« t4 tfe» pkitt, ttw wttwwWra mi4 

om* te ttw p»4aeti«f» ©I fi%| wt a wlstw# *j| ailrwMi (I#. ili» p^Mlaei «4 

ttte QAf-Lttmm knm) tta4 «tri4 ecwlilBtef atat m p.e, lljHO, |« jotwrid 

toto tb« OIow tew«, wl»«e eadw lh« anita of llw t»l fsimw i»»« tmtUktim 
and ai# water heM to tbi «h«»b« «ei4 (1) NjC^ l» twdfrf ft«i llw ttltriwuf fS} w*I«p 


l« «m«U«d frtwft ta Awiter itirfil ; C^i a pitrUoe of tSt« tO* h ewavwtel i»l# If 4 » 0 | j 
Mtd (i) lh« foKmee ga* a» e«Jd«i. Tha«, awiwpl titter lhl«f», il» ©tow fe»w«f 


Mtd (i) Ite fomsee ga* a» e«j<4«i. Tha«, a»« 
..tamtalM tte wBO«Btefttl©» of tte «te«bw .artd 
wMisfaite natty tey-nAtat 


titter lhl«f», il» ©tow fe»w«f 
»w4 1^1, tel ll» pprfael 


tho evaporation is generally carried on in glass or platinum retorts, like 
those depicted in figs. 87 and 88. 

Tha ocmconiration of aidphit/rio acid in glass retorts is not a con- 
tinuous process, and consists o? heating tho dilute 75 per cent, acid 
until it ceases to give off aqueous vapour, and until acid containing 
93-98 per cent, HaS 04 (66° Bauo3<S) is obtained — and this takes place 
when tho temperature reaches 320° and tho donsify of the residue! 
reaches 1‘847 (66° Baum4).^® Tho platinum vessels designed for tho; 



no. W.— C\)U('imtr«tl«a o( mjlplnvrto (wkl iu pttiUnum rctorte. 


utmtinuous oonocntratlon of sulphuric add consist of a still b, furnished 
with a still bead u, a oonneoUnif pipe b b, and a syphon tube m B, 
which draws off the sulphuric add concentrated in the l^iler, A stream 
of sulphuric add previously concentrated in lead retorts to a density of 
about 60° Baum6— i.c. to 76 per cent, or a ep. gr. of 1*7 — runs oon- 
tlnuously into the retort through a syphon funnel b. Tho apparatus is fed 
from atK)V(%, lH‘cauio tho acid freshly supplied is lighter thaia that which 
has ahwly lost water, and also because tho water is more easily 
evaporatoil from the freshly supplied add at the surface. The platinum 

^ Thu dfflwiliy will) whiel) liutt portiont of w&t«r ace removed Is seen from the 
(tol UmI die bdUn^ bMom«w vmy hrefaUur, toMly oMeingal one mamaot, Uien naddenly 
efain, wfUt Ute rapid fornmdoa of a oon^dttrable emotmi of etoam, and at the 
fiyina Mme bumping and even overttimiag die Teasel in whiob it la held. Henoe it ia noi 
a ram oeonrr«ne« (at the gtaae retorie to break dnrinf the' ^UntiUotioi) ; thia oansea 
iMtaram Mtmrt* to be peered, ae the boiling then prot^eda quite nnlfbcmiy. 
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Tb« lulter giw ifeh« tewpismttt** wWeh WAter is «Mily A»« #»!»«• 

iioM Ilf «ul|>Ji«rki ftflW «f lUffwttl. Hal Hw W^iiw 

wtwisntmHitn timy im rarri8«l (‘M nfc Jnwur («fiijw>r«iltir<'« If «. i»f air S* {*4**ni 

thnnij^h lhn unil, K^ssli^r'a in«*i» ihia l»<t. 
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il* BftWal i It whWm Abiwt M tw Be«4 t»f WAl«’f. Ahwil IS |»r WHi- i»f tliJ# «a|or mm 
r#8»?rf Iw toiw. itIl.K Awl iHWll All ilM» r»TOA<n»l«r imf i** o#t*IW in gl*** *i# 
Aliftttm t'wuftii. Add ®f W‘* Al»ut w «*f ll«« l#ytlrai« 

iffiO# Thi d«d% Mte wiA «’ fr^dtef m I#** nf li» BiAtiiHtijB* 

wUh W| f« ®wt. ef hyitaltt Ttw e*a*s»»itr**lf« i4 

K#% to Im tUnadriMjlAgt) thst wdpherte 8*44, tipwat*!# of l» 

fW e«l, to tIfsefiH ddta wttdm pluilHttin, «4l)»t»i^h but iit4gi»«f fa few gtMiw l»«s 
df to«« <d wM), Tb* ip#prt« ttwRilew MR tlis iswl lte« j^aiiwua 

ttm f«4« eMilfttd f« wiiwpilrAtijtg* Uw wid f»i» Wi |»ip imti, iw f« fw c«mI. {ia 
fcelofli# th« ftdd h lie* eanefftlr^i b«fi>»d thl« #r^»«»tiea t» ti» air|. Thii 
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JimWi -Mead hf h^ifaf » ttte fa lh« % immm of* ■« 


position. Tho products of this decomposition are substances boiling 
much bolow tho tcmpornturo of tho decomposition of sulphuric acid. 
This conclusion with regard to tho process of the distillation of sul*. 
phuric acid may bo deduced from Binoau’s observations on tho vapour- 
density of sulphuric acid, This density heforred to hydrogen proved 
to 1)0 half that which sulphuric acid should have according to its 
molecular w-oight, HgSO^, in which cajse it should be 49, whilst the 
observed density was equal to 24’6. Besides which, Marignac showed 
that tho first portions of tho sulphuric acid distilling over contain less 
of tho olomonts of water than tho portion which remains behind, or 
which distils over towards tho ond. This is explained by the fact that 
on distillation tho sulphuric acid is decomposed, but a portion of the 
water proceeding from its decomposition is retained by the remaining 
mass of sulphuric jicid, and thoroforo at first a mixture of sulphuric 
acid and sulphuric anhydriile— i.e. fuming sulphuric acid — is obtained 
in tho (listillato. It is possible by repeating tho distillation sovoral times 
and only oollooting tho first portions of tho distillate, to obtain a 
distinctly fuming acid. To obtain tho doflnito hydrato HaSO^ it is 
necessary to refrigerato a highly concentrated acid, of as groat a purity 
as poHsihle, to which a small quantity of sulphuric anhydride has been 
previously added. Suljihuric acid containing a small quantity (a fraction 
of ajK'r c('nt. by weiglit.) of water only freejccsat a very low temperature, 
while the pure noinnal acid, 11^304, eolidifius when it is cooled bolow 0”, 


In hoi a(r ov«r attlphorio aoldt flowing in n thin afetmm f« etone vosbsIb, so thsfe 

ih#H* l« no boiling bnt only evapomUon al modomte tempmtnM# j the tmnsferenoa of 
ths h«(il is (and not through tho sides of the vessels), which ©oonomlsos tho foal 
and jirovontw tho distilUng viisBelB being dnnmged. 

Wltoti, by ovftpunitinn of tho water, sulphurio aald attoina a density of 66® Baamtf 
(pp. f*r. l'H4), it in in>ptiKiilhl« to concontrato it further, beoauso it then distils over 
utu'lmntpNl. Thfl dittiUafion of milphuric itdtl in not goiicrnlly carried on on a largo 
wsslo. but funiiM a kburatury xtmeoBH, oniployod when particularly pure acid is required. 
The il(Htilltitiiin it! effected either in [ilaltmitn retertn fimiielied with eomisponding con- 
dctipcni attd r*"cciverw, ur in gbifitt rolerln. In the latter eaee, groat caution is noooBB&ry, 
W(Ui«te the beiling (it iinlpburic tteid ilHolf in tiocmnpauitHl by nlill more violent jerks and 
grmb'r irrcKularily than cvim the ovaperation of the last porlions of water contained in 
thiiteiil. If tlwighwii retort whicli liolds the etrong sulphuric acid to be distilled be 
directly from ladow, it frccpicnlly jorlcH and breaks. For greater safety th© 
huttting l« not cfitcted fmm Iwlow, but at the aides of the retort. Tho iwaporation then 
d(w.s not proceed in tho whole muss, but only from the upper portions of the liquid, and 
therefor»» gocM on tnueh more quietly. The sold may bo mode to boil quietly also by 
•rom.uiiding the retort with good oondaotors of hoal— lor example, Iron flllngs, dr by 
Imnwulng a bunch of platinum wires in the odd, os tha bubbles of sulphurio acid vapour 
then form on the «ttr@mlUee of the «l»a 


'44U 




And therefore the normAl Aoid fl«fc erystallta ont fr®m the oOToeo 
trated aulphuriu aoid. By rtpimting th« refrigeration •evoml thn^ 
and pouring off the untolidifled portion, it i» to obtain a pur® 

fwrnml Ayrlmte, HtSO^, which melti at 10^*1. Even at 40* it givet off 
dwtinot fum«— Uiafc is, it Ijogirw to evolve sulphurio anhydride, which 
voktiliiM, and themfore iyon In a dry Atmoaphorrs the hydr&to II^O^ 
b©oo!«« waiter, until it contains 1| p.o. of water,'*® 

Xn a concrnlrated form aulphurio wnd eninntereially kn«>wn as oil 
qf vitriol, htH'nutto forah.mg time it was obtainwl fromgmm vitriol and 
bomiwc it Imfi an oily apjamranco aiul flowa from cmo vmm\ inlij another 
in a thick and wmnnvhat sUiggiah alrt^atn, like th« n»«dofity of oily 
aubitiuu'M, and in this clearly diffoM from such Ut|uitl«s m water, spirit, 
other, and Um llko, which exhibit a far greater mability, Among il« 
rtmetions the fiwt to be remarkcitl k ite facnlty for the formation of 
TOAny «omp{4umls. Wo already know that it oomblnos with its anhy* 
dride, and with the sulphatw th© alkali wetali j that it l» aolubls In 
water, with which it forms room or l« sUhb etKn|>ound». Hulphwrk 
aold, when mixed wltli waUjr, dovelo|)« a very oorisidombl© amount of 
heat.®** 

Uesidca the uornml hydrate mmthvr d^niia kydmlr, 

«* Thtw (t #pj»i»«a «»i rammaa, wiut a rftHHjwaasS «» »u!. 

pharlc Aci*l «if»n at a l«w »ith iwfaratkm **i lb# a*ibf*!ft4e. bal 

ttiis k by a U»ii, «wt«p«»iwl4i4 lo lhi» i| p.§, 

^ water, of to a 8o«if«llk»a ^ owly 

Maw lh«» to w> f«a*ea f«f ^lakluf lb»l Wkis to a Aiiaite «»«p'ia«4 j 

Jl to » ^alf» wMeh Aam «wt 

Mow 8»*. DtttmwF wuntd; m tbv aaiw pwwwts mif !»!•♦•» M 

tt,l40 «iUim«lri» (of mBiTOry). #«4 h# fo«n«l Uml lb« ««ni»«»ntoa »»f Ow rt^Wwa bftr4!f 
iiwriM, ansi rsnttwnw ff«>m VW U 0* 9** U rp* sij iho ni-'ratal by«1r Al«t„ *nh<'«Mgb at 5!'1 non, 

tltw U»!njw>rtttnr*» «*f tltolilUlixn i«* *Jln’ «n4 al U,l 4 C rnm. O i« £S'!'J ■. Fufttn fjurtr*, 
il to a |a* 4 ttf }ir«rlir*l 4tn|w>rt«nws lb*»l v»n*lBf a itf Iwn lb» «ll*. 

tillaUan nf stUrhario *ei«l {»r««cwto v^ry sjaipUy. 

add »»| bp|»4iir»^«>if trim Uw iwspirOy <•! ito by If 

Mte ilr«l tost tut lb# dtollltote b« rwjBpM, '0«*» ftwl will fanWft. 

erii*# trf ail«^«», hy4o*l4t»rto acW, Aa, »«*! Ibu ImI |»rtb*i« i1m» }»m toktll* 
lu^wMto. W» esfitoi dt may to* r»»«*v©sl fey lb« add wiib 

wMA tele vdabto fa**, ielttbttrto «i4 way I* ff»»4 «•*«!« b| 

B •wA mm^^m ifei«l4« «»A tlwa diitlUtef . Thk «* Miw* nil lli* wmin iato 
MM«te »I4 Wilhmtl a pdlmlmry ©slirtiow 11 weaM |»MtWlf wsjftiii m 
imtaMto ««M, »d wlfbl p««« m-m tela ll» iWlfel*., ttes Mwjia »»f dta 

fea driftn ftS fef l»l n^aetai ll to asi iwidng fefdwieiilafte! r«I4 

vu Oironsfe IwaMi tt to tti«m oiWfwMi ittte rn/msdamm efeliM-li*. wUA 


tloti'milnaf.imin, which nhow that OS grama or a molooular amoimt of ai^lxihurlo aoia, in 
flomhiuiiig with m molonuhm of water (that ta, with m 18 grama of water), clovolop the 
following ilunlbor of uuita of hoat, 11 
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« titautta for tlio apnolllo hoat of II38O4WII9O (acoortlmg to Matignoo jwid PfaundW), 
•ami for thn riao in tomporatute which procooda from the mixture of HaSOj, with wHjO* 
Tliivdiagram whowa that ooulraotion apd rfao of tomporaturo proceed alj^Joat paraUol 
with f’lioh otlior. 

(to i,i4 Pickering (WOO) tilinwod (a) that dilute Bolutinna of aulphurio acid ’containing 
wp to KiHOiH- lOlIjO deposit ico (at - wlion there ia 2,000 II9O per H 330 .i,'afc — 0°’28 
when them Iti IjOdOUjO, at when there hi OOOlIyO, at — a°’I 2 when there is 

l(Min,(»,at when them in r.onyO.at - 15'"7 when Uieveia QOlI^O.and at - 01 ^ when 
tluM iiiniMmilien of (lie nelution in ir^HOii'lOll'.jO)} {h) that for higher concentrations 
eryiifahi nepavate mU, at a I’oniiidorahlo degree of cold, having tlio compoBilion 
HjMt hUi ai, wliieh melt at --21"Ti, and if either water or ho added to thin eom- 

piiimd tile l.enipei'atino of eryiitaniRatlon"fiOhi, ho that a nelution of tho composition 
lUlljHtVj 1 limir.jO given erynlnls of thn ahovn hydrate at — 70 °, 1611390,1 + IOOH3O 
At . ' 47 ’, HlUtiHOi f 1001 13O at - 02 °, 4 tlH.jHO,i+ ^OOlIsO at - 62 ° } (0) that if tho amount 
of lljKtli ho Mtiil greater, then a hydrate P3S04H90 aoparatoa out and molts at 
■whiln Ihtt ftiltlilion, of water or aulphurio acid to it lowers tho tomporaturo of orystallisa- 
tieii iiij that tlio oryntalllflation of IlaSOiir^O front a aolution of tho oompoaition 
ItjIhti + l’VllH/) takoB iilaix) at -S 2 °‘, H3H04+1T,H30 at - 0 % na8,0^-l-l’2H30 at 
■I'lr'?, (I'VfiHjt) at li3HO,j-t0’6n3O at'“^lU°'i (d) that- when there is 

h'Nii lluui inlljO per ItinU-.Milj, refrigeration Heparatno out tlio normal hydrate II3SO4, 
wliiih niell 1 \d, 'j- and that aiaduHon of tho eempeiiitiini nMHO.i-l'O’O^HaO dopnuils 

crj-ital.i ef thill liydrafe id, -ai", ir3HO.,H.(nolI.p all -vn, HaaO.rl-O’OuIIaO at 
4 4 . 'll, uliile fiiiiiiiig acid nf the eeiniumition llolnUi l- 0 ’ 06 BOj depOBltn II3HO4 at iihoub 
+ ?". Tlitiii (lie tiiniiieratiiHi of tho neparation o| oryHliila clearly dintinguinliOB the 
ulwrti four rugiim* of HnliillonM, ami in Uio space hutweon IlaSOj+HaO arid +26H9O 
a pftrtieular hydraUi lI-jH(h 4 naO ueparales out, disoovored by Piokering, tho iaolation 
<if wliieh iltiHcrveB full attention and further reaeareh. I may add hero that tlio oxistenco 
tif w hydrate was iininled out. in my work, TJio Investigation of Agueous 

Siihitr-'m, p. 120 (IHH7), upon the baniM tliab it hat) at ^1 tomporaturcs a.sinallor yaluo 

fnr ef enpaniiieii A ill tlio fonmila Hi » 0 ,) (l-/ct) than tho adjacent 

(in I'eiiipin.iiii.n) imUilieiui ef iiulj[iluiric. acid. And for Holutlopa approximating to 
111 ,11 in their ceiupiiiiilien, k i.n ooiiiitant at lUl teiiiiKiraliU’cn Cfor more diluto 
«i,liili..u«i tlin value id A' iiicreiiw'ti with t andfiir mere concentrated soluliohii it doorcases). 
Tliia n.diiliMii (willt luit.ilj f.inmi the peiiit of tnumitien botwoon more dilttle nelutions 
Mbe h d«’p<'«it ire (will er) vvlmn refrigiTided and Ibeim which give cryslaliioj! IIjHO.illIaO. 
ArmriJiiijt )e U. I'irti’t (Iti'.il) the Kelulliin lljfiOx lOH.p froozos at —88° (hut no 
tidcrnice in made mi t.> wind lU'paraten out), i.ti. at a lower tomporaturo than all tho 
t.lliKt* tidUiii.iipi i.( ledphiu'ie aciil. However, lii respect to those lae£ I'csoorohes of 
it. Pictet, tf.irhHHH p.e, HjHH,, - f.re’, for ■) 8’f/’, for H,3S0.,2H30 - 70 °, for 

H .hii^4H;0 ' ill', . to.) itwheuld he remarked that they offer 8omo quite improhablo 
iliiia : f'.r eviunple, for H..HI 1 , 7611 ./) tlicy give tlio fmezhig point as 0 °, for H5SO48OOH3O 
i > .’t, and evi ii’fer H3Hi),t(HU>Ii.jU + 0'‘'6, aUhougli it is well known that a small amount 
tif mdplmrie aciil lewerM the temjw>ridum of tho formation of Icc. I have found hy.diroct 
^suwiinent that a frown toJidifled tolution of’HjSOa+'SOOHoO meltofLcomplotely at 0 °. 


exiit ftt. low k!ro|ximt«ft« iii dofinito crjitalltne compounds, a«d if 
pyrosulphoric ooid, ItjSO^HOg, la* th« §mm proi-K^rty, and if th«y aU 
decompMo with »om or lc« mM& on a riso of te«ijH?rat«n\ with tha 
disongi^«»©«t of oittwr SOg or H^O, and in their onllnarf fornt 
all feb« proprti« of wmple Bolatiowi, it follow# that l»)twfwti 
lulphorie nnhydrida, 80 g, and water, th»>ni oxiste a ctm« 

siwutivo BPrifii of hoinogtnuviua IkjuUk «jr «olutior«, «nong whieli wa 
muBt tUfdisiguigh t'ttmjfnw nJ0, and thori'ftin's it is JailiSahlit 

to lajk for other tUdlnite eonsjtouiak betwiMiu 80^ and If |<\ t«»|ond tho 
otmditinfw for a chang^» of steto. In thia roijMKJt wo may k-i guki«l hf 
tho variation of projjerlioa of at^y kind, prtxswding fjoticurwnlly with & 
Vttrmiian in the oatap«»iiian of a nolntbn. 

But only r fow projMsrtk^ havu Ijton dW«#i»in«l with •nffloknfe 
ftoettmey. In tha*e prt}{M)rtifi» which h»vn hmtx daterwlnod for many 
Bolutlona of nulphurk ft«kh it k actually iwiti tiafe th« al.H»v@-m«iitloarf 
d«6niti» oompouindu ar» distinguishfid hy tlktitictive marka of ohaa^. 
Am an nsatnpUs wo way cite tho variation of the speeifle gmvliy with a 
variatiitn tif t<'nij.«»raturi! (juuncly Ke^ik/di, if « lj«s tins *p. gr. and I the 
temporaturo). l<’or tho nonnal hydrate, thk footer k oasllj 

dcterwlaeil from tJto fact tUa.t“"" 

whifTi « te ^ *pdfl© fravi^ at t (d^ytei OdWoii) if ^ gr. of 

water Rt 10,000. TIwobIoiw Thfo »»«• Hirt 

ftt O'* tlso ij>. gr. of tlio *wid dtscrwaaca l»y 10-68 fur uvrry rki* of 

a dcgn« of temjHjrnture, at U)‘ hy 10 30, at 2U ‘ by UM3, at 3U ’ by 
1'8T.** Awl for Bolutiona containing slightly wow anhydride thin 
A® Rold 11,80* (ic for fuming »ul|»liurie acid), at w«Sl m for tolutioM 
tettfodnia® B»r® water, K fo gimter tlwn for tli« »oid ilgSO*. TIim for 
tibi idtaltaft 80||SH#0^ 4110® K* U *0. Oa dllttllng ih* Mid 

«w», tea kjiwimte ttte« w»»»J kfit*!*, fl**** a 

ailrtwi, ^tef to di a ©f bi*i fiiie ktert k«*ft 

of fosiwl. to wMmi tfc» w«te«k» HfBO* atojtte Imi wll% mA llw 
81I&O4H1O i,^ hWkt soite M ttkwnfew wm ma p« »A*ate Ibta kfifftte 
witei •Bwilftfw fi«B wokwta «#»w, W»i#« ii Mi el h*»l 

JfllgO ftt*iefhs It K l,4» aate, md lb« «iteii;teRe< «» 

Wtfti water mu\m« »,»§ b«** imllfc M H» hw* fli tta rwiiliwrl «uwfK «4 

• o«.i, fch# Ml ©I Witt te • mM. 484 to 


K again increases until the formation o£ the solution E[2SQ4,H20 
(Katall'l at 10®), and then, on further dilution with water, it again 
decreases. Consequently both hydrates H2SO4 and H2S04,H20 are 
hero expressed by an alteration of the magnitude of K. 

Tliia shows that in liquid solutions -it is possible by studying the 



Fia, nii.™ nia0miu ulinwIiiK Hip VArlnblun of tho fwtor (di/dp) of tlio speolflo giuvlty of solutions of 
mi!titiii»lp III. 'riwjipfii’witim;* (lUHitUUss of the add, aw liUrl out on the axes of nbsolssw. 

Tt.i' .ii.iin.d. t iiro (ha fat-Uirs or rises (n »p. gr, (water at 4 «> 10,000) with the laoronso la tlio 

Vttt'iatiuu Ilf thfir properties (without a change of physical state) to 
reeogniKi* thi* prefieiico or formation of definite hydrate compounds, 
ami theii'fore an exact inve.Htigation of the properties of solutions, of 
tlieir epi'i'ilie gravity for instance, should give direct indications of such 
«om|h»und8,*'* The mean result of the most trustworthy dotorminations 
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3^i«k«rlng mA I'WM aiwwllng to I*tt8i« ClW). «An«» ut lSw«* »!(*. 

;tire);«kiM!l«« mftf& i» bsikwJ tar Ui to«i 4«tori»ti»i»i Ita 

«t ihi) In tita InAMnmjr wiili lb(i twrt«Btof» «t tiylM>t !« 

tar n 4iiwwM nf 1 &>«. oamipjntk to ^ taw &WHA tf«# wf 

’ ''si^ netetiw) to (tar » swtos® ©rmWnlftf Ami t8 in Uta ip*ei!i« p»»% (Ital 

to tte fel li*. ta Si te |>o8ifbk to 4tfew»{ft« tta gmirtl^ wt^ w 

leootmr^ »v«j eaeewUng O'OIKtt, Ita 8p««itta gm^iUen gl»on l» Ihe !«M#« w$ 

'■Mif woragfis «.n«l Jtwsl prulwMf) «Ui4 In which t-hn ipjtxr, f»*r »h«> p*. 

j«jlttil*'ns c'lUJii"! I'l* h’ps thun •'iKijii finKin^r wnlrr tit 4 «i4 1}. 

** t** 4^u«lgS«g fr»i»» tin' Iwist «•s^slm^ «iptrrmwwto4i4 {»>f MaThfim*’, ICr^mert, arf 
“INtetafitig) ta wnlttliirtis nf entt*^****'*” to»l«’‘-Wly th's««» cniiWui!!^ tn-.^ro thfW i pM, 
KfSO^ ^ftlw tiw llwSta rif Rinl Wt'’ («»4 »v*»h l«i |0"|, th« i-ftrkWi.i* «f llw *p. gt. wtllh 
kwftpwntoHi I ffiAy {wltotn Uw tixinrmy «l th«> detoftulnatoinsl hn 

hi' ^wbUnn Si « i Bo 4 41 ♦‘HI*. It j»H«t b® lh»l {J| tiw»*» 
le% ietorwto* lh» ’wtutton irf tta 4wft*it? with f j (9) 4i/«ll - A ♦ Slll—irf. ib« 
el ih* l«»p»Awni h mpimm»A by rttalfbi Utw; (») to# *4 A ftf p b« 


Itoit I f4.) it att4 ftMfwteally wtwh grmtor tow 11} {4) to« of 

B toy dfflfltt wtoUBCs witotnta® ta** Smn 9S im). I« nngstiwi j Unt fc»l«lii?ft«»pfTwsi«»llt^ 
to In toito H to « 4 biiI to a, Mi4 tar *4 gwatot ««»• 

B to i^Wvftj (»j to te^ir S^tfp fm iU teBi|^«»4w<^ rtliAia * iit»*iwsi» 

tnlni fthwl HiHOiHfO \ m 4ifMI*^ itfii by iU, m 4 » Ibe wSctenl irf 

topadoa k (mm Nets W), a mlsteWH i» obt&M »m i^O* 
nwstattm lit HfSO+HtO fw tumpwaitttta. 

w *« Hw® d&to {m wtU M Amm In to toUowitii' tobtej ta.»t bi«9 % 

«» ttpft to l»iri*i (d EF«i»r*#, Pfebwinf X ini »f ^ * 

ill MfrwMfflfti Sto-r# 1 »«b tate.4i»©rf, Md I taw mw to tWal^ ibrt 


In tho second table the first column gives the percentage amount 
^by weight) o£ HaH04, the second column the weight in grams (S^i 
of a litre of tho solution at 16'’ (at 4° the weight of a litre of wat( 
*BB 1,000 grams), tho third column, tho variation (dS jdt) of this weight £( 
a rko of I", tho fourth column, tho variation dS/cfjp of this weight (j 
16") for a rise t)? I per cent, of HaSO^, the fifth column, tho differeni 
between tho weight of a litro at 0° and 15° (Sq— S ig), and the sixl 
column, tho dltforenoo between tho weight of a litre at 15° and 3 

,(Bj 9—830).' 
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Tho JiguiH'o in thCBo tahloa give tho means of finding the amov 
of oontaiiu'd iu a Bolutiou from its specific gravity,®® and a 

«hnw iba ‘ upfi'iivl points ’ in tho linos of variation of tho specific grav 
willi Urn t«imp«'rat uro and percentage composition correspond to cert 
doiinito oomi*omuls of HaBO^ with OH9. This is best seen in 
variati(»n of Urn factors (fiB/f* and dB/dp) with tho temperature t 


ntil ±0'0007 (il wntof ftt 4°«*1) for the* 2S 80 p.o. 8 

liittw, Binl Ji n WOT (etr Uio mart' diluU* or «in«!ntmU«l wlutionB. 

s» Th« fwtur pMftoa through 0, tlmt is, tho muieiflo gravity attains a maxin 
vfcUm at »H p.o. Thi« diftcoveroa hy Kohlrauach, and eonilrmocl by Cho 


Pnk«r»ig. ttitii oUtpw. , * i i. 

» Naiurdly vuulor tho oonditUm that there m no other ingrodtont besidea wi 
which i» wfih tnie. For wrainercial ftoid, whotw apeciflo gravity is 'oaually expre 
»n <legr#ei of lUtimd'e hydrt>mttt«f, wo may wld that at IB® 

ftjmiiflo p^vily I VI I'S V8 t’4 l‘B I'C 1'7 1'8 

0 t8 ‘Hi W-3 4Va 48'1 Ml 09-6 GV? 

rtlM. Blruntfort wanwereisd add or oil of vitriol) corroapond® to a «p. ' 


|a©im8« of tp. gr. aa inormso of I ptr-ctat II* 80^^) Uw foUowiuf 
aro tho tliwo most «aii«nt polQti ; <l) la p»l»g ftwa iS j»r ctak to 
100 per «int th« fi^eWr k aep^tiv®, Mid at 100 p«r coat about - 0‘00 W 
(ii, a* 99 ptr mnt the «p, gr. k alwut l*8391t aad at IW j»r m»nt, 
about 1*8872, at 16®, the amount of H58O1 haa kwf«»»ixl whilrt the 
»p. gr. hw clacn'ftWHl), but ns mam m a eortaia Rtntnitjt of St), ii 
added 'to tlw (lufitiito eouijwtuad (auiI ‘fuming’ acid fonti«I) 

tho «pooifio gravity rises (fur t*xMnpl«», for O'lSO 8l>j fcJm ip, gr. 

at 16*’5 w 1*8(50), that w tho factor lH>comvg j-Hisitive (and, in fact, griwter 
by +0*01), •0 that tho fonoaticm of the doflnite bydrato 11*8(3^ u 
aoeompwiitKi by a dktbct and coasidorablo btmk in thti etmtinuity 
of tlm factor } (2) The faetor (tM/dp) in ioer«»l,ftf in ite pwwgo 

from dilute to eouMatmtod aoluUoiw, aUatne a maximum vidm (at 16'^ 
about 0*012) about Is, at about thh bydnal® wrwMudiKg 

to tho Imrm 8Xg proper to Urn ootupoandi of eulphur, fw ^011}# 
*Ha80i2H*0 ; the witno hydrate c«rre®pcpd« to tho «wmpc«iltlon of 
gypeujtn CjiHO^^IIjO, and tu it a)m> com«i|MUids the gnmtesit edntrtw'titui 
and ri«o of tomjteraturo in tnixing %rith 11*0 (iK'ti Chapter I., 

Koto *28) j (3) Thn variatioaof the faotor {ti^/dp} updnr twrtoln vari&» 
tlon8 in to® oomposit^ion i»rooot)d« m uniforndy and regularly, and ia m 
dlf®r©nt from the variation given under other proportions of 11*804 and 
H|0, tli.at the turn of tot variation* of M/d^ te expr«ied by a «ri« 
of straight Unts, if tot mlu^ di p Ije Wd ntooK ^ alwstoi- 

and thc»iol dB/d;? along the oniinatos,** Thus, for instanoo, for Ifi*, at 

Ubb WhcUivr niBiUttr (wvori unnUl) tirroJto m tlwi ivmttruuly nt titf* f»s't.,r dh'.tlp 
asW or iH»t, fur other lijUrigwa (ftir fMr wet UsHu^4lCnj nau***! at 

y»l to ttfltlrtHwl «wl«|f n» the wimt «! tM’i'Utotlo (N«»te W}. In rtiy nnri(faitig«.lk« c4 
♦W# Bab|e«t {IW}\ t ttdwifc UWr n«tssit*Utly. hut wiily twuwliUiui-aUi ; «mI imwh, wllinml 
todrttof apoB a Wtoite* canton, I unly twnht kt Uw esuawiw uf * diwliwi towili Ib tos 
iistaf at lEi|i€l4, fuMW hy <J, WitUikr’M wlws&tkftw » ^welig d 

** lift rfJ toe eWrvwMttti# fcw a 0”, I faiw. 

toe MdMm Cp* Mi) ol ton mrielkm d lh« Ikcte (faM# «a o”. 

tot* tttt vijtt*., m4ik»w after to# 

dtoo mn (Itonire m 4 l« »h 'wfeteh 4tti«p«* io 

«B«y I tol.ftk II wdJ to stoto «|«lto flwjrty 1 (I) toM wswl »«w 

dfttereiiimtomi Kav* «i4«i to toe mmmy d! ew to» v«ton«»ti <4 

to« ^peelie <if »toltorwi of atBiptmrfe } 0i) toal w wm irf (kto 

llewi ool va {wt-toto toe li«h ol w.jw'taswiitol to# df » t^WMiiwwp 

•»4 toeteft tom tot too to«to*» tkldp { (t) to«t toe id * prt»to* to 

MMitof Mail# hytortoe, &aM ooatetatei to 


ID p« «mt r®/d/w0*0071, at 20 pet* cent. m0'0077, at 30 per cent 
w 0‘008*i, at 40 per cent, 8a0*0088, that is, for each 10 per cent, tho 
factor inwjwss lij alwat 0'0006 for tho whole of tlio above range, but 
fcyfmtl it Iwokkw Urgtjr, aiul then, after pawing II2SO42HSO, 
It Imgina U> fall rapiilly. Such djarigos in tho variation of the factw 
fako filacti ftpitarontly ftlK)ut definite hydrate»,wbii ajj,| especially 
almut 1118(1^411/), HgSO^'in/) anti All this indicating 

08 it tlm» tlui •jjocial cluniiicai afTmity of Kuljihuric acid for water, 
although of no wnall Klgniflcanoe for (xiinprohonding tho nature of koIu* 
ti<«w (*»« dtaptfr I. and Cllmptw VII.), oontaina many special points 
which nin«iro detailed investigation, tho chief dlfBculty l^ing that it 
n^juirra gimt aocurmiy in a krgt) numfair of oxporimontal data, 

The gfwt affinity of aulphuric acid for water also soon from 

<rf fvwljf ftpj;in«ching utnilalit limm, wid (5) that tills 

wjhJtwidnswwB {m 1 In JBH?) now will (lawful islalxiralitin, InicauiM) it oimoorns 

dull fiwimwt |iR>lbWH m mir B8«*fiw»™^»«i}uti<ifl«~-e.hil liitriKlticu# a Hpnolal motluid Into i* 
“—tho* (», tl*M eiutly uf vwUttkrti# iri a i'r»ij>«irly wtu'oU in iw UMily ohaorvud 

wt iJm utavity <4 a, UuHUl 

th hy4r?0*f» ftfti; (a) (muH« at (!,) HaHOjHjO 

^iOjiSHfO (iBiyatiaUiK hydrate, at +B''’8)) (e) HjUO^JULjO (i« apiiortmtly not 

«ryiia4U«iy»)j (4} tm of |J» hydraten l»»tw«n H)f804flH9O HuSO^BHiO, moot 
|W^il«*Wy lij^44Jtari*» §0^611*0, fiff ll eiysWllMiBat ~8<®*S(Wate BO bis); and («) & 
with a tarfn j«rt»f*«fWno of water, alioot HjSOilSOHsO. The sxi«te»oe 
€4 tl^ l§»% te Iftf^rwl ttmi tb« Isms! that Ihfl iaeUft dtidp flr«t foils, storting from wa|or, and 
Kiai-.a, Will thin cliongp t«lt»» iihwii wlkim j» is low tlwui 6 ji.o. Certainly a change in tho 
•nmrijiU iit ili'dji nr ils.Mf <1 ikis t«.h« jiltwut h, the lU'iKltlHiurhiKHl nl Uiuoo five hytlmtea i 
{1‘teVrHig, rw<*}((tlia>il a for gr««ter nnwlsir nl hyilrnUm). I think it woU to otkl 
^hot U Ihw eiiinjwmitciii of Uk» aulutuum lei iiXpreowHl hy the iKiroontogo amount of 
1 w., {Ui>\ Uial fur r,** Wi, lot llaHiVJlI./) r,., 

»«»«%'«, n,MnJ!p), ri«^uaa!m^mi I, whiU. f..r ' 

thoA ti» ehitif hyitrotes tMhs disteilmted symnK’tnooUy lietwwm UjO and n<)H0|. Bettldos- 
whteh 1 mmy mmtUtm that mjr irftswdm (1887^ Upon tho ahmpi chMf«» in the footear 
iw Mrdutkm c4 Mil|ihHrki ^ ^ Mtwpmtdbsw of tlw temks of dg/dp with 

tif»l«te«, riw^ved »B (adiwcl eoaArmoWoo act only In (ho solBlIcma of HNOa, 
IICT, (iR, wldA 1 iaviwtigotedfJn my work dtefl-to Chopter L, Note 10), 

tel pJ*tt in th#*;«»fBt tdWwrtlwM mode ^ Profeaeor Cheltaofl on tba solntiansof FeC4 
■mti IttClt {Cli*|iter I VI, Note 4) whieh ohwwml tho wistenoo in. those oolutiona of 
m Am* dmim phmga to dg/dp m k femod In mili^urio odd Him dotolW roworoheo 
f|«»Sl BMiste tif €»» Itw wdutitma «»f laony organic wsbaUinoea ore of ft similar 

•hteh, 11. l» hi« wsoordiM ou- Uie eloctrksiJ oo^ 

*4 dt add, Tommottn, to Ui». ohaorvotions on their 

ft wfwJaltw wi'lh hydrate# indiooted m above by tho to* 

«4 tteir ifxaelii gwvtttw* Ttei^amw of mbtlmnacd a definite oompooltloa 
1 ^ fwtetem of adtoUwa to «ms> «»liihit«d to auoh a oomples pro(»m a# 

V. (till) t4j46 tnixtaros owtelniag aboot t p. 0 , 47jwi. 


■tnmg »ul|»liuru‘ wui ftetujg on aicomn, v rrjwnm ini' rnnnrntii 
of WRtor from it, awl convert's it into olcjlant gAi, (.'jH,. It art« in ». 

luttuner on wwmI and other vi-gctabh' which it i-hAfs, 

If a pboe of «»«} \m iwtiiera«i in titnutg »ul|iUuric acid it turtvi Ulark. 
Till* i« owing to the fact that the cuntaina rafl»»h}’«{rate«4 which 
give up hydrogen tuul oxygen «■» water to the siil|ih«rir itcid, leaving 
charcuivl, vu* a hhick very tUh in it. For cXAiiipIo, ccUukfew, 

ftct-i in tliia umnnor.'* 

\Vc Iw'o Hlrendy had fir*nient invasion ?■«» notirn th« very 
«i<*ryj?tu' ociW of- nidphuric acjit, and ihrn’forw wo will now 

only consider a hw of th»'ir asjwt^. Kint of all wo imwt rtnnptidKjf 
that, with calcium, istrontiimt, and esjtoiiaUy with Iwrium »nd loitcl, 
lulphuric acid form* very slightly sohddo whilst with thu 

m^oritj of other nifttak it gWm ttion< oanity s««Uddo salt*, which in ihi 
Bw^ority of cMei »rj aWc, like »idj‘h«ric arid ii.!s«»lf. to romhino with 
■wati^r to form ciystallo hydrutoc Norma! sulphuric Acid, conl«titlng 
two «toiu*j of hydrogen, in its mohvulo, in add** for this reason akun* 
Ui form two chuiso’i of *wltw, ni>} ri-i! ami oco/, which it dims with great 
facility mth oMoft metis!* Tim Jiiotok of tho alkalino oarthis 
and the majority of other melttU, if they do form acid aulplmtea, do w 
«ndor wsceptioiml conditions (with an estca>s of »trong atilphurw arid), 
and, na-ltii when forme*! are de«om|M»^atd« hy watW'-tbitt i», 

ulthmifh having a cortain degree of phyaical atalnlity they haw «« 
ohemical stahlUty. Btmidea the arid ftsUa HIlHth, sulphuric add 
give! other foruisj of acid An entire »«riea of r»fth:i hitvmg the 

oompositiou UlliSt IljSt }^, or for hivakni metAla US* jS' 
hai Ih»« prepared. Huch aalt^ h«v« liern ohtainwl for potnvdun}, 
wdititt, nlckil, cftWuia, idlver, mi^n»ioti», i«a4igftn*w, Tliey «r«' pro* 

M C»Uttt««, fer m »» fey 

4eH[ Ail«l#d wllk afjwMl twit *«}««*» al mmvmU a |»f ilw «<■!*»« i* »>f 
tele pwtewet {CiiA|»l«r I., Nw»« tm Tl* aru-tn .4 4a«to 

^ trtfbwitt imiM WBfwttt n. iftto t*j4fs».|ri»f!«fcw», **«l Itw |w«a tU i«l»»leSl 
wb 4 WtU* Ttm |»o4*f«fa4 arttew ef nkmug mifyhmiu «,;i4 ctwot a« 

wWl» iitttli »«M it l«le flawwe. If iMi|*nfto ««:.« !• he|.i In m 6|w» 

fc« eiwwite amtterdf dto duil held h thw Wl«t tor.* ii ssjmI itw* 

Mia. Ttw MUM fhtof Uwm it saffkwk* «wW l« a fctiife d4Ms#d hf u r..ik ; ilm 
Mrk ehwred, $M ^ Held Iwtts lltwnt*?, tti» e.|*«»fc«i |,r«.|«.rnc» »4 

tN mM Wftdtrgo only a vmtf sUfkl ^hmm wb«i It term «l*l» i» 

<WB«W«»Wy dilated with water *»» iHd p«»4ni» tte altew efc-te, wtifeli r,tp*fly A,mt 
ttrtr d«p«dw» »n tb# alliiilj of d» iwJpterk mM ft* »««f. II k rnmm tmm ilm 
rtrmtf Mid wiU Mt m » I »WH m ih* tilksf 


pwpod by dlMolving tho atilpbMos in an excosa q£ sulphuric acid and 
heating the golutkm until tho exooss of sulphuric acid is driven off ; 
on cooling, tho moM solidifios to a cryatallino salt. Besides which, 
Rc«) ohtttimrtl a salt having tho composition NaaS04,NaHS04, and if 
HNaSO^ Vkj heated it oaiily ftmns a salt NajSa07 = NajSO^jSOg ; 
hence it tachmr that sulphuric onliydridp combinoa with various pro- 
pcsiiont of bwea, just m it combinoa with varioua proportions Of 
watisr, 

Wa have edtfOidy learned that suipburic acid displaces tho acid from 
tho mite ol nitiic, carbonic, and many other volotile acids. BerthoUot’s 
law* (Chajiior X.) oxplaitt tliis by tho small volatility of sulphuric 
acid } and, hndood, in an aepujous solution sulphuric acid displaces the 
much lt» ioluVdo lK)rio jwid from xta compounds— for instance, from 
Ixurax, and it also displaooi sUica from its compounds with bases ; but 
both borio anhydride and silica, when fused with sulphates, decompoM> 
thi®, dkplaring sulphuric anhydride, SO3, bocauso they are loss 
volatile than autphuric anhyilrido. Jt Is also well known that with 
metals, salplmrifl acid forms salts giving off hydrogen (Fe, Zn, &c.), or 
sulphur dteidii (Oa,Hg, ^ 

The rtMtions of solplmrio acid to organic aubstcmceo 

wrt pnwdly detwroined by Ite acid character, when the direct ex* 
tms'tirm of wati^r, or oxidation at the expense of tho oxygen of tho 
•ulplmrto acid,*® or dmintogratiou docs not take place. Thus the 
m^ofity of tho ftiituratcd hydrocarbons, 0„lla«, form with sulphuric 
add tt ijasoud chuia ul citl iihnnic wultt, C„ll3^i(n803) j for example^ 

» flfW) (A eo-lU XlgO,8BOs nligO lot K, Eb, p9, and Tl. 

« M* Pllte fiWWi} (Hvfttea »I1 ^ rn«l«l8 lato two groopa with respwt to aulphurio 
j Ih* ftr*l iffottp irilw, tmmtvy, ©ojipst, Jwl, wjd biemuUj, which are only 

npptt by Irt noM. In Uil» one® Bnlphnron® anhydrido la evolved 

My by# r»s*rtto»8. 5^0 «e«md o(Wit«.lne miuxgaaefio, nieJtel, oohalt, iron, 
e«A«»h»w, ftlnnilnlftBi, Mo, Undliusi, Mid Uw dkaE metala. They react with anl- 
jAwffe Mid «rf my «t any tnmpcrattw. At n low temporatoro hydrogen ie 

fti Itliitwr tewt>Braturf!s (and with very oonoentratc^ aoid) hydrogen and 
SBlfsherBitt# MjhydflA* mn »l»BJt(U»«rtJ»ly nvolved. 

* Wtn Mmwid#, Itw opiten pI l«»t *iBli*huria oeM on nitrogenous componhds, as 
la wwlhfld for ^ wWtaataw ol nitrogmi (Volume I p. 240). It la 

db'feiws «tt)phwl« 0*14 wt* ft« w» widlstog «fwt It form* sulphurous anhydride. 

Tfe« vMm df wtiphwie aeW m the yoohob w exactly ahnilox to Ua aotioa on 
ilm ah»*db, like alkali#, r#ttct cm acids •, a molooulo of alcohol with a 
witehtarle «cW w»pMate waka- msd form# tua Mid ethereal aalt— that la 

. « . noliila MttlA fialbi. ^Fhna, tfw 




(Vol, I., p. 395), one hyiln»gen (hytlroKyl) of sulplnme arid, tha 
reiultnnt aulwtttncasj are firidji whona Iwsirity ii equal to the munlvr 
of hydrogejiH rt'jdnced liy sHjlj»h»>xyl. Binfo nlaa aulpljoxyl takiw tho 
pliwa of liyili'iigfji, luul itiiulf cuutiuns hydrogen, the nulpho-aeuls arts 
oquul to ft hytlfocarlwu + SOg, juttfc ai every organic {eftt lamylic} acid 
J» ©quid to ft hydroflftrbon + COg, Morooveir, hero this relation eoi’nj” 
«{«)nd:4 with nctuttl ftwt, Vaxtaumj njanj sulphonio acids aro ohtttint*tl 


th« latter »wily. Thua snlrhnvlnla aeld when he«ti«l wHh «n t.f w*tt**r i® r»«'*irf 

Tartml into ajooljol a«til snilriuirio iwid. TJ»i« iaonfiUinp*! »n Uto fclltiwinh* iJ.'jh 

1)1 «< i*is »r«i l>y tlio I'f hyilt.’,;rii t*v iO ino 

vnivaU'tit rnilit 1(1 of Mtiliiltiirio tti'nl, l»nl oi t)ii> fornmti>)ii tif eUn'ro.*! «. j.l auliihatost {,1 ,b 
roplft-opa th« hyUrogurt of llio Uyitro*ji in Iho whsla? tu t!o« (.irii«stt*ou t*f 

Utw KulfilioMit! B4)ic!B tho Bt)*H rojtUrfl’i Ihn hy*lrojh'on of a liytlrt«3«rl^**n, Tliiw liiBorPim* 
k el«Mrly «*i4«tne«il in Iho of two of tlio crtmjiosiiion Tn» «it», 

mwtlwnid ftbov©, ii tnlphovinkt or nloofio}, in whirli th« hy4r*»i|Pit of Iho 

hydrwiyl k Wfk^ by *iUpho«yl » CgHi’OSUjHi whilst th« otlwr i» alBtihr.}. in wl»n»h 
«« »l©» hyir«f« In athyl, CgK*, l« by th« awljihnnia gft»Hp. - that i« 

! •» (0|Hd8t^^*0)8. Th« kWiBr k e»U#i3 {»»lb{ottte ucht. It i* mora fttal4« liwft nwh^W. 
vinltt THft a* to lbe»« IntwwtiM^ »wti W l«»hwl f«»jp J« w»rfe« m 

dbwttlik^, bat I tbiah it nwesaary to «*» of ih# ewflbcul# f4 f««wati«i 

; ef thewi wirk. Tl» sttlpbilw of 0» aiki^-fer «K««p}«, KtiOs-'-when »}tb iW 
b»lof«m prodaete of KttaJepi^ glw a hftbfw m 1I aad a «ll cd » salj^oftk wjUI. 'Ilmi 
' wt&yl itKliclt, CHgl, d*rf¥#d trow rtawh CH^, »b»« to W* with » «»lMti*w 

©f potMsiftw Bttlphite, KgSOg, peihowiiiw Wli4», Kl, m 4 ptAfcwliwi wetbykai- 
phftmto, CH|S<%K"-»Uml la a wJI at U»« salphotite wtiA. lihk ih«wa thiA salidtefti* 
li^4 may b# wfwrrf to Kulpharaa# add, wd ttml ttwri ft^ a rwwUiaiwi b^»««« #ttl. 
pbmdo wad aalpharoai add, wWel^ oJ«*Jrly rtv^* ft«d.f h«r» to tb« iww*Wo« ©f «*» 

potael km b©to< 





mibstnncn whicli froquontlj acts ag an oxidising agent : in which case 
it is d<r)xitimd, forming Bidphurous anhydride and water (or even/ 
although more rarcly» sulphuretted hj.drQgen.nnd sulphur). Sulphuric 
acid acts in thia manner on charcoal, copper, mercury, silver, organic 
and other Bulatancos, which are unable to evolve hydrogen from It 
directly, m wo saw in dwcribing.3ulphuroua anhydride. 

Although the hydrato of a higher saline Jorm of oxidation (Chapter 
XV.), sulphuric anhy<lrid<^ is capable- of further oxidation, and forma a 
kind of ponixido, just as hydrogen gives hydrogen peroxide in addition 
tf> waU'r, w tm nodium and potassium, 'besides the oxides NaaO and 
K/h give thoir poroxidos, compounds which are in a chemical sonoe 
unatablo, imworfully oxidising, and not directly able to enter into saline 
ct/nibinftUuna, If tho oxides of potofisium, barium, (fee., be compared 
to waU*r, then their peroxides must in like marmor oon'espond to 
liydrogfu portaido,<Sj not only hocauso tho oxygen contained in them 
in very nuibihi tnul twily liboratcul, and because their reactions are 
aitnikr, V»ut also Ik^ubo they can l)o mutually transformed into each 
thhor, and are able to form compound^, with each other, with bases 
ami with water, and Indeed form a kind of peroxide salts.®* Thia 
ia al«i the ‘Q{''pmwlphui4a acid, discovered in 1878 by 

ihTfchelot, and its'cerresponding anhydride or peroxide of sulphur SjO,. 
It is funiiofl from SSOj + 0 with tho absorption of heat ( — 27 
thimmuid hi'id unitn), liko oy.nnQ from + 0 ( — 29 thousand units of 
hoatg or iijdrogon ponotido from 11^0 + 0 ( — 21, thousand heat units); 
rorusidc <tf laili'luir iiiproducMl by tho action of a silent discharge 
iiuKttm* <if oxygon au'l eulphurous anhydride,’’® Wich water 

** Tl**- 13,000 Imt unita, wlxllst tho motion HaO+0 

tl.lH-'ll hi ..i llUtlB 

**» fit II oiujittiimKl fit f^MsWfi ot barium with poroxhlo of hydrogen. If 

Iwritiiii bn iliBwihiiil In hylnH-hlnrlo for Molio) floicl, or if a solution of 

by! , i. si l.r j.ii ililiin»t \»i(h «. Riihitiou of Iwrinm hydroxide, a. pure hydrato is pro-' 

ripiuh 4 l.uui.p: il.n (rnimotimos tho comiKisition is token as 

Ha* Thu ho t ttlroody known toTh^nurd. flohiiiioi^howiid that if hydrogen 

Ill *;i, . =s, tt I tji-iiilU!!.. cotuinmnd of the two iM*rosido», BaOaIIaOa,is procipi- 
Hrd.i !in (4 »m il4«i»i«-4 Ruiiili wrll-f.inioMl fr}'ntitjiii of tlio same comx>oaitiou by 
ftd.tuisf ft *.4nO' 1 . of BoaHMjiitt h. ftti tiout mihitkmofliftrium peroxide (coutoining a barium 
««,i{ tt««4 Jiy4ri-jC«'(s piifc* i.!f> or a comiiomtd trf DaOa wiUi tho twid), Tims barium 
wiUi J^4h wtttor ftiol hyilrogsm iHiHixUlo, ThiaiH a very important foot 
for it« I ..ji -i irh«-u»i-n « S th< of Other iHtrosidM, Moreover, iftlio peroxides 

M« fthlo t>. tine hyhutm ihfy tatt ftim* form corro»nKindliig they oan. combine 
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S3O7 ^voi portulphurio a«itJ, H^SaOg. Tho latter is obtami^ 
mom riinply l>y mixlBg Btroog sulphurio acid (not weakor than 
Huh^ 0^,2II§()) directly with hydrogen [xiroxido, or by the action of a 
golmnio cumsufc.on sul phurio acid ndxedVith a oertaln araoimt of water, 

and ooolod, the ©hwtratiei being platinum wirw, when p«)«ulphurio acid 

naturally apj>«ar«at tbo jKwitiv© j>olo,®* ’When an acid of tho tirength 
HaSO^jOHaO ii taken, at fimt the hydrate of the iulphurio jmr* 
oxide, only i« fctniuHl ; but when Uio ooneontratloa aWut 

tho positivo polo n'Hcho.'i H .Htb, Slfat), a uiixturo of bydro^m |M3roxtdo 
and iho hydrate of aulplun io jH’rt»xid«» Iw’gins to Iw fortnixl. Dilute 
ficiIntiiioK nf Kulphurio januxido can ho kept hotter than more cmi* 
contriitotl nolutionn, but the latter may lju obtained conteitiiug m 
much M I'J 3 gmnm tdf the jHirtjsido to a litre. It i* a very instruetiv© 
fact that hyilrf)gou pttrexidc b always formml when atnjtig solutions of 
praulphurio acid hvmk up on keeping. 80 that tee bond bctw«*on tbo 
two jKsroxidM is estaUiahetl both by analyaii and syateesb t hydrogen 
peroxide is able to produce SglljOj,, and tee latter te produce bydrtjgen 
f>eroxklo. A mixture of aulphurio peroxide wlte sulphuric acid or 
water ia immediately dtHHimjMwd, with the evolution 0! oxygen, either 
when heated or under the aetiuu of Hi«>ugy jdatinum. 'Hio eanm thing 


w!j4ieri«' anhytUiiW. Tlwi iMi}iy<\ru«« (w,iut Rtwvilm U)tU*u4 

c««w>l te icm^rml m H. »t 4 tia tijt i«,lrt mid isu 5 i.>)iUfl» Riihytlruln. lnr#el 

#«iwsritiw»Rl 4iew0 that 1* uilxliirii* tif vi>lau»»« »u44iuh»a« twthjfUruio *tn4 itsygwU 

ft rwaiUiiB of «. fjimrtwr «l U>»» nsyifwi fcaJkw, ««r ImlJ t*t Uw wlt«4» vut«m»», «!il«b 
UalimlM tte ftiTOUla. BnOf buWIm«i«» <» stJnbb tn water, wl II tJwii » 
hfttmW, tiafiax the •HttllO*. Tbl« wteitoo o*WI»# 

tliM ftalta BnX» pote*«lflm WI4«, B«tl otters, wbieh re»4«r« It ews-ilte In pmvii Itel Ite 
ftolttlkm ftotaally wuntala* <«i» atom of nnyijw catwUUa of taiiktlen t*< two tiwde- 

euloa «if BHl|>h«rtt' Rtths’ilriile. 

1« nyiU'r to (ully iloimitialrali' t)t«» rvaUty >»f a jwruniilo (••riu nft-la, it ftU>iu]4 
te Hiniitmiit’d tlmt W111U1 iijjit iUiHlin cilaaiiext tlio »o-C 4 (. 1 !p 4 lU-ithf' pfriindSf 

(UglIjtUj!*,, ilin wJlion nf tiariiini j>«if>nl4o on a(’«!|ji> wtityilrulii, (t'llljtJjjO, 
e«nm«tMiiklitti{ tiyiirate Ik alw> known, Tlila Khow** ttet Uua wi 4 that# 

bydmtea, with r»Mllwtt» ninttlar kt id hy«lr«gi»u {wnmate i»mmhla htr miM. 
4 wnllwWgHwr nstte itw tei^ !«*« kftc»wn fiw tituwttltttn, «ni Ifectteka «4ttaln«l m 
llk» Mt«|wtt »4 fw nitrki iwl 4 jCtepter Vt, m). 

** VShm an mM, t4 tte l« hi flwl Rt»l|f |te |»y<lra,k» of 

Ite ottlpherie p«©*ida, ftfO|IIgO, la fornwl, bt»l wtew lk» rt tte |^»iUv«» 

pota BihA-t# a wistorw <il hyiln^n jwntsnta Mt4 tte kyUra-le trf #ttl|ih»rte 

iwro-site b^iw to te foimwl. A ital« «>( wjeUiteiuw 1* idllmal^lf wrifrf at wten 



takc!S plu'o wHlt a nolution of baryta, although at first no precipitate is 
forrnwi aiul tho cb-cornpasition of tho barium salt, BaSjOg, with the for- 
nmtiou of only procoocls slowly, so that the solution may be 

fi!t.'ri*<l (th.« bariutn iiUt of poraulphurio acid is soluble in water). Mer- 
fiiiy, finruui uvtdo, nml the Kfannous snlls, are oxidised by SaHgOg. 
TIk'm* tu'.' nil rlintinct Bigns of true peroxides. The same commgn pro- 
pfn tl<‘‘t(.%4.!unty furuvidising.propi'rty of forming peroxide of hydrogen, 
ui o pu-, ,.<f,M'.l by Urn alkali salts of persulphuric acid, which are 
(•lUaimnl by the nelion of an eloctrlo current upon certain sulphates, 
fur inafati* u lynmtiuimn or potassium sulphate. The ammonium salt 
t.f [it-r-mlj.hiini’ acid, k especially easily formed by this 

rnraiii, and now prepared on a largo scale and used (like Na^O^ and 
b") lor bUuu hing tisaues and fibres®* 

« It <4 i>f »iilii|iurici kwkI which hda beon itrnt dubjuctoU to oleotcolyaia bo 

jn'iilrwliwd wUh ur ImryU, lUs mtlt which la lornajd begino to docomposo 

tiHitiiljf wall th»> pviiltUieii lit (inygt>n (nerthelol, IHOO). On Bivtuniting with caustic 
{•Atjt ta, lint »..h)tii'n i«f tin* suit formed may bti rntparatod from tho Hulplnvto of barium, 
dtul iliMit ifm c.tuijMKtjiiKii ttf lb«‘ reitnlltiul ctimjiound, IhiHjO.., may bn dotormincil from 
tl,»* niinnutt id usvgoii diltpngttgnd. MMuhall (IHOl) ttludit'd Ibw formation of this class 
1 1 1 oiij. .ni('i<» fully i he ttuldwoted a oaturatod solution of bisulphalo of potassium 
p. rl.i. tudysiK with « carronl «f 8 -* 8 J ampfere* J before eleclrolysin cliluto sulphuric acid 
is P» ihtt liquid surruundin{{ the negalivo pole, and during elootrolysis tho solution 
ib» ciKiifttl. Tl» etwlrolysfs is continued without interruption for two days, 

ttii'i i tyntAlhne separotes at the anudo. To avoid decomposition, tho 

Uucr la 1. t Ml- rt'd thnaiKh paper, but ihriiugh a perforated platinum plate, and (Med 
on .1 p> u la lit* Ttm iifiib. r hniitir, with tho iidditiim of a fresh luilntiou of bisulphato 
«,f p..tn»=uiiii, to a,>uii aiihji ■ t> d Ut ihn lrtilyoiii and the crystaln forniod at tho anode arc 
ijjAhi * . !!■ . »<"i, ’Vlf' «.tll »>•< iilitiiini'il nmy be recryitlalliHfd by dissolving it in hot 
Wiili't (»ii 4 t.'s ;>!!> I ' bu,' (bit l•••bttl•lU iiftor liltviili>'ii ; a iiiimll pnipdition of Urn Halt is 
4 t,. , I 1 -, il.n Is- ,t*iiit 1,1. U.ipid f.iitling in b.U.iwul by tlm tonnaliim of'small 

1-, buitiias ,j>ai.tbi, 1 . ..ling gives lurgo prisiiiutio i:vy»tftl». Tho cimipimition of tho 
wit is .ft,?, tini.t I r.»|,. -1 by igditnig it, when it fnriiis sulplmlo of imtasmum, or else by 
tli»ai,i,a- il.r n. ii.r< ■ sygrii uitii jK<rnt»ngfl,ii*le I its enmiKiBlUon was found to correspond 
It. 5 bo .4 pata'ilpbiit.,' (Sit.l, KjHjtV Tim solution of tho salt has a neutral reaction, 
Ris.t .t.«® I, .t gu.. « pit. ipvittie With Krtlts of other moUlM. KjSyOg is tho most insoluble 
»j,f ib»« ««lsa *1 prtsi.lpbine: With iiilrftU) of silver it forms poraulphato of 

»t!4.4. wlu. h p«^r. «id« siUer under tho action of water according to tho equation 
'ilbMu,. 'With un slltalino solution of a cupric salt (b’chling’s, 
s;i ,t r .Jo.si a 1.4 pie* tpital« of peroside t.f copper. Miinganoso and cobnJt salts 
I^itr |.»e. ,J >■! Hii.l thvjOv bVfrous sails wro rapidly oxidised, potassium 

4«»*.fc'4}{r.a i.«iuio ftt thcmlinttry tdiiperfttum. All those rcacUomi indicato 
KjHjOi, IntaidishiKiu tho prcHonccof walerit gives 
w t«t 4 tin ..J Rll'iu, Ti.B de,H.u»i«tintiofi of the dry wilt begins at 100 ^ but is not com- 
j 4 o|b »ir,>i «t Tbc freshly prepwJTiid saU i* Inodoroua, but aftor being kept in a 

t!|.j9r4 «#*ar 4 a bV'.,Up» h j.«HMbw uMieU ilif!i>r«<t from that of oKine. Tho ammonium 
. . I tt ..1 uit.iitiif tniinnnp. It fa soluble to 


H k wplactKi by (OH). Now the mktion of to » 

exactly siroilar. The mcliols of Mulphurw neitl, «Kjuiva.lMnt to hydrofon, 
is HS04j«»bi« jt oonmpottdti with the (Oil) of water, and toereforo 
wlpbtttie add, H(8H04), glv^ (SIIO^)^ or SiHjO*, in oxactly the 
fflmnner m water gives (nO)3>-.i.0. HgOg,** 

The largest part of th^ «ulphurk wid nmh in ustjd for fftitetini' 
on ai'Klium chloride in the nmrmfactuw» of fsmliura curlnmato ; for tho 
TOanufncluro of the voktilo acids, like nitric, hydrooldoric, &c., from 
their corrtMfmnding wilte ; for the prej^ratiim of Mimooium sulphate, 
ftlums, vltrioli (copper and iron), artificial manuret, «ttf»erphrwphftt«' 
(Chapter XIX., Note 18 ) and tJthor mite of sulphurto iwiid ; in the tnmt- 
ttont of bwao wh for tlie pnjparatbn of pUoepIionja, imd for tlte *olu« 
^on of ffiitftli— for example, of tilvw in iti aoj^Atkm fro® ^d— for 

I M MliHg tmriam «(h1{^uU« to gradaftfiiT {Hrwipl^talwl, mm» UteiM 

ToetmplBk^y de»tBp»« tttto mli to to toil M few m 

Unx teaa, Aleolui) dmwtlvtik Uw mjiIhI m!i ; Uin mIi tw^ mimnnAm fmm 

toe al«t)U<)lto tuiUitidfti lait n hyilrnto ctitttoiiticii tinu nf wntor, 

wbkih to BolutiUi In waUir liul in »to*lul« l«riuni p*’r»ni{ 4 t»to 

dtoowptw'a BV«n wtou HhjjhUy toatod. TIm* fnw wml, whw>U timy f a th« 
tion (d ollaa Mlto, i«t totoiitnd by toi’aUtii; ito bariaut tuUl wtUi Bul{diura« wad. Tto 
tewl Halt, PbEjtto ton tonn jtbtoiftwl 'fejia to*> fr**** 8 «id j it cryntollto*# w>to too «ir to»e 
motocuto <4 w»tor. U in iulubtoi tn w^tor, to tto nic, wkI wito altolt* fiw 

a p^dpltoto ^ tto Uftlmtod osiik wKieh rapiiilly oxUUm toto toe bittoMtk. 

totonr MarMtoU'e rwanteis, ttott^hl tlmt tto toKaiadyito cf ttdutoM tot 
Mdi^Brk. did m% iiv« pMstopfewk odd tort a mi^ ttMtoy tto Men* 

poelttos 8 O 4 . 0 » toe U«mm rfs^wsbas (IWS) Trauto obWa«d a |pwd^^«rte 

©Kble by Uhj of e tC |w €»nt. wduttoo c4 enljilmriB tMtol, and to (Mjjifttatel to 

from ton B«dtttom by tn<<an« nt torium phtm|>}ui>le. Aimlyata etoiw,5>l ilwt rhw »wb»|*it«n 
to III*' alwiVB tvimj«i9ttinn H(l,, rimI tton'furo Trnwlm n 'nwitorM tl wiy 
likel j Wwl tto wdl« obtoiu’d by Mwtoall U> on whI I t^U », ♦ w §.«, |h*l 

Ito tediilwfwni tuiidts, 80*, can ©aabioo mtit euJjiJjsrte e<t*l «k1 hum pmuUm wIM 

« to Ok. e«« <4 tow* »«pp«ed kma wtodii b|^m at ttopodive p«*» ta to© 

(4 «J|ih«ple add by tto acUim to euittosl. 

« II tt»to b« tapwi «e wetod toa iwiwifc let ipi^m^mels 

mm wrteik eMA (Il«y, - a^^.. 

ki tew pw»sitte w© to Ikbo !%*%, As. dfrifetai *»» !*» 
«w«pk to todw peotoi® (Itfote W), p«r»«lde twmm wii ptdtoW^ 
leftttow. II MM* to «M toal'tot eamtmmle toMwd by faMy te BM^na mm mif 
tMtratoiira m toeddMof tto pw^dM. Xa tht mK^cph to m 

ftdttWtm oB «»*{d«, ttow te tettrf a j^wt^ U04,*fI,O(U *t 4 % 

tot hydtofw |>«ffl«{de aete « wetonm {«M« to tte to ©MMtile ««d» ; tsj tto 

liMMnn to «to»k>I a erytltohoe eompomto tmtototeiW t« pn^pitaMli, 

utoMh teMtflM a «omp«w) to tto to etotam, lf«tCk wd nmtottnt 

Ilk msf fic^bto tlmt Ito tot pmsid#, IKklHfO, «Wa» te® toMMftto to 
|iiWid»HAd ninwim {Mmdda, tf«^, «r «v«h ^(OSkMA kto m tlw taw 


various vegefcablo oils, in the preparation of nitro-glycerine (Chapter VI., 
Noloa tl 7 and 37 bia), for dissolving indigo and other colouring matters, 
for the conversion of paper into vegetable parchment, for the prepara-! 
tiou of (ttiior from alcohol, for tho preparation of various artificial scents 
from fusel oil, for the preparation of vogotablo acids^ such as oxalic, ' 
tar tant!^ citric, for tho conversion of non-formentable starchy substances" 
Into formontable glucose, and in a. number of other processes. It' 
would bo difficult tfi find another artificially-prepared substance' 
which is so froquontly applied -in tho arts as sulphuric acid. Where’ 
there aro not works for its manufacture, tho economical production of 
nmny other substances of groat technical importance is impossible.,' 
In thoso localiUoa which have arrived at a high technical activity 
tho amount of sulphuric acid consumed is proportionally large-; 
sulpluirif a(‘.i<l, sodium carbonate, and limn aro the most important of 
tlm artUiciiilly prepariid agents employed in factories. 

1 l•h(^ nt»rmal acids of .sulphur, IlaSOji, HaSOaS, and HjSO^, 
Corrs^pouding with hulphurettod hydrogon, HaS, in tho same way 
that the oxy-aoids of ohlorino corro.spond.with hydrochloric acid, HCl, 
Uiore exists a peculiar mrios of acids which are termed thionio acids. 
Thidr general composition is S.JIaOc whore n varies from 2 to 6. If 
n 2 , the add in called dithionic add. Tho others aro distinguished, 
an trilhionie, Udrat.b ionic, uml pontathiomc acids. Their composition, • 
and rcac.t.ions are very easily understood if they bo referred 
to the clasfl of tho aulphonio ad<ls-~that is, if tlioir relation to 
Kulphuria acid bo oxproaaod in just the same manner as the relation of 
tho orgftnio adds to carbonic acid. The organic doids, as we saw 
(Clhigitor IX.), proceed from tho hydrocarbons by the substitution of 
their hydrogtui by carboxyl— that is, by tho radicle of carbom6 acid, 
CIl.p), — no •.=: CUOa. Tho formationof the acids of sulphur by 
meiuiH of Hulplutsyl may bo roprcHoutc.d in tbo same manner, HSO3 
lb ). Tliercforo to hydrogen 11 .^ there slioukl correspond tho 
Hcidn ll'HHO.;, sulplmrou.'s, and BUOa'SHO,., = SallaOc, or dithionic ; 
to SHy there Khrnilil eorreiipond tho adds 811(^1103) = HjSaOa (tliio 
euljilmrie), uud H(Kn();,)a = HywS/),; (trithioaic) ; to SaHg tho acids 
B^H(ailOa) s: IlySyOy (unknown), and Ba(SH03)a =HaS40s (tetra- 
thionic); to HjHy tlio adds Sal^vSHOj) and 83(81103)2 == HjSsOq 
( fM'ntathionic). Wo know that iodine reacts directly with the hydrogen 
of Buljdiurfltod hydrogen and combines with it, and if thiosulpburio 
acid contains tho radicle of lulphurettod hydrogen (or hydrogon united 



of II, j^vos a radicle "which iruraoHa-toly eofftbitw with anothw timilar 
radicle, forming th« totratldunato Sa( 8 ()sH(})*, On thia viow^^ of 
the strucfcnro of tbo U»lonlo a«id» and lild^ it k also oJmr haw all tlra 
thionio Midi, life® tWotulphario add, oatUy giw iulphur «wl «ulphid«, 
with the ©xoeption only of dithionie add, which, judging 

from the akivo, atantls ajmrt from tho Ktdm of tho other thioaio 
acitk. Dithioiiic lund atandji in tho mmo ndatlon k) lulphurtc acid m 
oxalic acid dtM« ttv carlmnlo acid. Oxalic ooid i« dloarlraxyl, (CHOf)» 
as C^II/)^, audit) alaodithinme acid k dMulphtwyl, (SHOg)^ » StllgO^, 
Ojtalic acid when ignittsi dtxsompoM into oorboale anhydrido 
<»rbouio oxide, € 0 , and lUthionSo adid wh«n hoateii dwJtnjMiiitia Into 
wlphuric anhydrido and aulphnroua anhydride, 80 ^ and BOg it&ndii 
in the mmo rolatioa to 80 j m CO fco CD^ TWa «Jto oipkltw tto 
peculiarity of the oaloium, l>arium, lynd Imd, te. aadtsol ^ "thtek 
being ewlly Bolubl© (although tho a»rr«*ponding salt* of H^O|,H|^04* 
and H,S di»i 8 t)lvo with tliifioulty), Imenueo tho former aro Bimthwp to 
tho jifilte of tho «uljih<»j)io uoids, which »m» alau aoluhlo in watiw. 
Tims the thitmlo lu'itk an> dutulphtmie atuh, just as many dicarboxyUo 
•bcids art) known*— for oxamplo, CI 4 (C()aH)^ C,,Il4(C{)3H)8.*^ 

^ Tbk 'rtew wm by im la liTO to th« EaftBWB Chomksl itwlnty 

^ ml&t k 4 iittiagti.kb @4 th« thtek aM«U m eoatolaii^ 

Him h»Mii proportek at Hulphur, Ik laidM ^kU«4 ««id, hwMkw ll« 

nftahyMd#, itOs* waW«« mors O tbw witphttmia oxiOo, iO# or ftjt),, «rf l«» IhiHa 
«ttltifetarfe artbjr^riik, ftO,, or 8*0^ Dithionio dl««w»*^ by tJay-hiwmo mA 
1« knf»wn aa «> ttixt m but not im anhyilruk. Th»' ):«w!tb>4 t*** p#* 

laruig iliUiti'Hu* ftcwl umubIIj* oriijili'jiHl k by lh« in'Uiiii "f fitu>ly tH.w'ti-rn 4 wirtts,j«.nc«, 
4 l!csitU» "S ft fi«)loli»n <4 BaljdtuMioi •uibyilrbbn Hu nhufetnn, Uio wstirll < f tbo 

ftsd Oil* U)« ao«J tn tnOi* splqfctoai 

KttOj-* If ibc temiwalurw b«< Uw OiihWiAlrt tidn# ap late 

nOphttWM whydrii* m 4 «Hlpb»fco, OtsiwraUf owing to Ihk m 

»i*tar« ef i8«ig«»« Bttlpttftte 0**4 iUtbtaiate in otirUbtixjd O) ktw fetiutetw. They 
be wpwaM f>s nlxiag lb# tnUtHm of tk# tita^pn«M mIIa with » iKiteltati td t^tw 
"rbwa a of hy4«wW<» o#»4 bwittw b n|»ls.twd» 

to tUa MWKMf ifthlaMte mXf ht obteittKi (a milnibm. Il Is pntliwt 1 ^ 

«* ibk l« tJRno rti«»ilws 4 to aai 

4»wftfo^ tt*i r«f«Mte of wlfdmrte »(44, PI*W»»al« wM, 

fmMiaii ta mittUtm, % th# r»»alte»t rfaife'w i»4i« *« rewrfwr t£ »» 

&Jr-pttfap il l« po^bte to ebliiki ft Uqtaid of p". I'Mf, ktl II «Ull coaldiw water, u»4 
m forMwr efapea"^*** ttte wW dwwaptww tote #«}ph«i*i iwtl «Hh»Sntroa» 

Irtier H#jO#-K#04 + KV Tim t«kw If Hw tolotiM £s 

tjwi ^kMW Into MJdphtumM wl4 th» dilbtomte b iM» to wti(« 

m- 1«*^- <M«i. whea -wii dight, witb«t gltteg twi wh^Wto s 


onorK«tU', mituvo o£ Uio acid) aro aolublo in water, and in this respect present a certain 
rosemlilinu'o to Uio salts ol nitric acid (their anhydrides are ; NjOa and SjO^). lOliss 
(IWKH) dcHcrilKid many of the Malls of dithionlc acid- 

Ijanf^ltiiH, about 1 H 40 , obtained a peculiar thionio acid by heating a strong solution 
of ae.id iMiliissiuin tmlphito with (lowerB.ot sulphur to about 00°, until the dvsappearanoe 
of the yellow coloration first produced by the solution of the sulphur. On cooling, a 
iKtrtlon of the sulphur was precipitated, and crystals of a salt of trithionic acid, 
(partly mixed with potassium sulphate), separated out. Plessy afterwords 
showed Uwt the ludicm of sulphurous aoid on a thiosulphate also gives sulphur aud 
Irilhieitio acid; aKyHjOs+SSOj-’^tlKgSjOa+S. A mixture of potassium acid sulphite 
and Ilnes\ilphale iUno gives a trltliionato. It is very possible that a reaction of the 
same ki(»d occurM in the formation of trithionio aoid by Laugloid’s method, because 
IKtlttu num imlphite and imlphur yield potassium thiosulphate. Tho potassium thiosul- 
phate may .ib»i he replaced by potassium sulphide, aiul on passing sulphurous anhydride 
tlinmgli the iiiilulinti tliidsulphato is first formed and then trithionato: ^tKHSOs-f-KgS 
+ 4 Hllj -aK.^HsO,, j-aihjO. Thu sodium salt is not formed under tho samo circumstances 
j.« the ferrxupnndiiig pnUuiHi\im salt. The sodium salt does not crystalliao and is very 
uieituhh'; lheh,ninm salt is, hewnwur, mere stable. Tho barium and potassium salts 
are aiibyibnue, limy give neutral selntioHH and decompose tvUou ignited, with the 
evululieu Ilf sulphur and imlphureus anhydride, a sulphatu being left behind, KaSsPo 


( .M(tj I .S. If a Hiilutioii of the potassium salt bo doeomposed by means of 
hyilriilUiotiilitno nr chlerie ncid, the inaolublo salts of those acids arc prooijlftatod and 
trilhinnio arid in ohtalnod in solution, which however very easily breaks up on oonoen- 
tratien. The addition of aalts of copper, moreury, silver, A'o., to a solution of a trithionato 
U fell.iwed, rillmr immediately iir after aoortain lime, by tho formation of a blaok pre- 
ripiinle Ilf the ludphiilni whemi funmitien is duo to tho decomposition of the trithionio 
ui el willi the traie.fi'ieiife .if its iiulphur to tho metal. 

Trhulhu.ttii- mid, Ujl'iUrt, in ceulradisliuctiou to tho preceding aoids, is much 
mure stable in the free nl.ite Hum in Ibii form of sallH. In tho latter form it is easily 
rnnvmli’il iiilu (lilltieiiale, with liberation of Hulpbur. Snilium totralbionato was 
obUiiiiHl by Fin. I'l l and tiiUis, by the action of iodine on a solution of sodium thiosul- 
pbttte. The roarlien essentially coiisists in tho imjiuo taking up half tho sodium of the 
thiiwull'hal'*’, ittaHRiurh «« the latter contains NaaBgOji whilst the totrathionato contains 
NftHaOs or NttaHiC),!, »o that tho reaction is as follows: 9NaaSgOB+Ia®2NaI + Nas840o. 
It Is pvtdetit that tolrathiouio aoid stands to thlosulpburio aoid in exactly tho same 
foiftiiiits «,» ililhieiiic ttidd does to sulphurous acid; for tho same amount of tho other 
eh im iit'i m ilitbimiate, KHd.n, and letrathiimalc, KSgOs, there is halt as much metal as 
it) wilpbite, KjVU)-, and thimnilphate, K-iHgOj. If in tho above reaction the soihum 
UiiManbilmlii lie ri'jilsi'eil by Die leoil salt I’bBgOj, tho Bparingly-solublo load iodide Pblj 
ami the Bi'lnble unit I'liM^no •'■t*' nbtaiuiul. Meroovor tho load salt easily gives totr^ 
Umiuie mid ilnelf in preripilaled). The solution of totratluonio acid may bo 

avam.raled mer a water Imlli, Hiid afterwards in a vacuum, when it gives a colourlosB 
liiiiiid. wl.irh lum mi Him-ll and a very acid rettutioii. ‘When dilute it may bo hoatod to 
its b.nb!ig pi'iui. but ill a i nm eiitraUid form it docompoBes into sulphuric acid, aul- 

tdiur.iim aiihsdride, «ml indphur: 1! AOB»»IIaH 04 -t-H 0 gb 83 . m 

^ rmhiihwni.' m nl, 1 1 jK/ 1«. aim. belengs t« this Bcrics of oaids. BuUittl® is Imown 
t^nrernbig it, wth« as hydrate i.r in salts. It is fonnod, toga^or wi^ totrathiomo 
ae.d.by Dm d.fmit m l\m of sulphuroui. aoid on sulphuretted hy^ogen In ^ aqueous 
sululii.u; a large i.fotK.rtmu of sulphur being precipitated at the same time. 6SO3 


aisulpbonlo acids, they may bo ob- 
Mnil. Uhe other sulphuule acids, by «n«au8 of potassium sulphite and sulphur ohlorido. 


Thus Spring demonslirated the formaiion of potaesioA trithionate by (ha actikm of £ 
phnr dicblonde on a strong solution of potassiom sulphite: SESOsS+SClgB 8(809] 
■ffiSiCL Xf snlphta (boride be tahen, snlphni also is precipitated. The ea 
ftathionato is formed by heating a soltrfion of double thiosulphates ; for example, 
AgKBjOs. Two molecules of the salts then fcnm silver sulphide and potass! 
trithionate. If the thiosulphate be the potassium silver salt S09]K(AgS), then 
etaructure of the trithionate must necessarily be (S03E])28. Previous to Sprit 
researches, the action of iodine on sodium thiosulphate was on isolated accidents 
discovered reaction; he, however, showed its general significance by testing the actioi 
iodine on mixtutiss of different sulphur compounds; Thus with iodine, I3, the mixt 
NOuS+NoiSOj forms aNel+NajSaOs, whilst the mixture Na,<jSj0j+Na2S05+^ ,gi 
fiNaI+Ka2S30s — that is, trithionio acid stands in the same relation to thiosulphurio a 
as the latter does tp sulphuretted hydrogen. We adopt the same mode of repres 
lation : by replacing one hydrogen in HjS by snlphnryl we obtain thiosulphurio a 
•ESO3 HS, and by replacing a second hydrogen in the latter a^in by sulpburyl we obt 
trithionio acid, (HS03)28. Furthermore, Spring showed that the action of sodi 
amalgam on thb thionic adds causes reverse reactions to those above indicated 
iodine. Thus sodium thiosulphate with Naj gives NajS+NaaSOs, and Spring sho' 
that the sodium here is not a simple element taking up sulphur, but itself enters i 
double decomposition, replacing sulphur ; for on taking a potaadum salt and acting 
a with sodium, KS03(8K)+NaNa=KS03Na + {8K)Na. In. a similar way sodi 
ditbionaie with sodium gives .sodium sulphite: (Na803)j+Naa=2Na80sNa; sod: 
trithionate forms NaSOsNa and NaSOs'SNa, and tetrathionate forms sodium thio 
phate, (NaS03)S,(Na80K)+Na3«S(NaS03)(NaS). 

In all the oxidised compounds of snlphnr we may note the presence of the elemt 
Cl sulphurous anhydride,' SO2, the only product of the combustion oi enlpbur,un 3 in ’ 
oanse the compounds sulphur containing one SO« axe~~ 
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according to this ojode of representation, the thkralo acids ere— 
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Beuoe it is evident that 8O2 has (whilst GO3 has not) the faculty fo^combma 
(ind aims at foming 8O2X2. These Xa can= 0 , and the question naturally angj 
ftself^as to whether the O3 which occurs in SOq is not of the home nature os tMs ox; 
which adds itself to 80 a— that is, whether SOa does not correspond with the ^ 
general type 8X4, and its compounds with the type SX^ ? To this we may answer ‘ ' 
end ‘ No ’ — ‘ Yes ' in the general sense which proceeds from the investigation oi 
majority of compounds, especially metals, where HO corresponds with ECla, RXa ; ‘ 
in iihe sense that sulphur does not give either 8H4, SH^, or SOla, and therefore 
4 ftages 8X4 wd SXa are only observable in oxygen conjpounds. With reference tc 
^ypb 8Xe a hydrate, 6 (H 0 )s, might be expected, !l not 8C]a> And we must n 


18 Kunjily driven olF from tho latter, and not the smallest trace of 
eat'Uou l>iHV\lphiilo is ohtaluccl. Tho formation of this compound 
ri«iuir(:s that tho ohnrcoal should bo first heated to a rod heat, but not 
above, aud thou either tho vapour of sulphur passed over it or lumps 
of Milphur thrown on to tho red-hot charcoal, but in small quantities, 
110 sm not to lower tho tomporaturo of the latter. If the charcoal be 
heated to a white boat, tho amount of carbon bisulphide formed is less, 
This depends, in tho drat place, on tho carbon bisulphide dissociating 
at a high tomporaturo.^** In tho second place, Favro and Silberman 
ahowed that in tho combustion of ono gram of carbon bisulphide (the 
pruduota will ho COa + SSOa) 3,400 heat units are evolved — that is 
tho combustion of a molecular quantity of carbon bisulphide evolvef 
2r»H, 4 ( 11 ) heat units (according to llortholot, 240,000). From a molecuh 
of carbon bisulphido in grams wo may obtain 12 gvam^ of carbon 
wlioso combustion evolves 90,000 heat unib3,:.and ^ grams of sulphur 
ovi living by combustion (into SOa) 140,800 boat units. Hence we se 
that tho component elements separately evolve less heat by tholr com 
bustion (237,000 heat units) than carbon bisulphide itself — that ie 

niao Hum hyilmU) trnin n. Htu<ly <if tho coiniJoundo of Bulphuno aoid with water. I 
HiMitiiiu t'l w)mt Uiu hi'on ulruwly waiil r()»p<ietinK tho complox aolda foniiod by sulphui 
I Hunk It w«'U to uu'utiun Hmt, ai-curding to tho ahovo viow, etiU more complex oxyge 
ev. ul I nu>l B«.Uii uf milpimr iimy 1m Umkwl ter. Per iiiBlancm, tho salt NajS^Oti ohtaino 
hy VUltetn (imi'H in t,( thvM Uiiul. It in fermed teguthor with sodiiira trithionato an 
•miphur, wU«u lU), m jiaased through a cold, eulatiuu of NagHaOj, wliioh ia then allowc 
t*» Bland fur fttwnrttl days at the ordinivry toraporaturo. (iNa^SjOs+ASOawNajSiC 
♦ HosBiOfl + S. It may be Roaumed her», r 8 in tho thionlo ooida, that there ore tu 
bamd together not only by B, but also by SO,, or what is almost tt 

thing, Hiel Hie sulphcixyl is oombinod wiUi tho roslduo of trithlonio acid, i.6, repla<« 
turn Hipiemis residiio in Irilhiunle acid. 

liven light lUKumpuwB cerlnm bisulphide, but not to tho extent of seporatln 
wiImmi , tinder the Mstuiii of the buu’b rays it is daoompoBod into sulphui' and a soli 
RiihMtaiu'u iiii h is rniisidi’riHl Ui bo carbon uioiiosulpliido ^ it Is of a rod colour, and i 
ftp «i iM I tW, iThw foriuRliuu of tt nid liiiuid comimund CjSa has also been remarked 
T!i'‘fp»’ iS’mit) fiti>ii(irv(id a fumplete ib'couqmiitliou of oarhem bisulphide under tho actic 
«.f a h.pti 1 alloy of jKiUnmutu and sodium ; it is accompanied by an explosion fnd tl 
dej«.ai!>.'U of t srU.ii oml Bulphur. A similar complolo docomiiosition of oarbonhlso 
tdjid® i« ab>* ««;.imph#luHl hy tho acltuu of mercury fulimuato (Chapter XVI., Note 2( 
ami M im k> U» ftwl that lU the vrdimry temjimdurt^ (at wWeh carbon biaulphldo 
not proilHafcll th« liMeumfmtwn of carbon bisulphide takes place with the davelopmoi 
of bft*l~H«,t (s, II |»re«eMt« lOt exulhermal roootion, like tho decomposition of o 
U is vnry pwftMble that at n higher temperature, when carbon bisulphide 
iatwA, Hw eumfeirwfton td carlRm wlUi sulphur l« also an exothermal reaction— that I 
bwRl i« ikteh'iwl If Uu« dwttW be the caw, owbon Weulphide would present a mo 
jtoirwHvR Roompif to th«r»wh«8dsfery. 


*12 


panied by an absorption of heat.’® It is thereltor© not aurprfsing that» 
like other compounds produced with an absorption of hi»t (ossone, 
nitrous oxide, hydrogen peroxide, &<?.)» o&rhon bisulphide is unstablft 
and easily converted into the original substances from which it it 
obtained. And indeed if the vapour of carbon bisulphide be pawed 
through a red-hot tube, it is dooomposed—tlmt is, it (liMociatcs--.into» 
sulphur and corbon. And this takes place at the tompemturo at which, 
this substance is formed, just as water docomiK)®©# into hyclrogem and 
oxygen at the temperature of its fonaation. In this absorption of heat 



Vw. M,»ap(«n«Uis teir feUe mMutiotore o( MThon bUmJpb(4<i 

in the formation of carbon bisulplude is explained the facility with whidb 
it suflhn reactions of decomposition, which wo oliall mso in the ewjuol, 
and it» main diShrenoe from the closely analogous earbo):do anhydride. 

w Tb« lA«e iihwUi net bs loel stictl of UjM «a«l ebar«»l am soJIi# al tbe 

orU»a^(mpsi«lwte,wUl«loattm^ l*av^vdaltkUeBM,arf la 

Ml® M>t ©f eemUsoMcn, retwnd te lbs ©rdbaaiy twapwalam (Hot# m ) , tet is, m il w 

psmge lalo a Uqaid stats, and Ibh tb« obserptoa of bsot, Oad fOFthMwrt, 

th® mdewdi of sulpbuir oontohui at looitt «i* aUwa®, a»d Ite® moJjwOte d mAm to (Ml 
piobaMII^ ((Obspler tnCCU) a 'mf eoaMtorobl® Btaalw* of otaM t ibw to# mMm dt 
©» eboreoal mi^r U «qp»««®4 to tb® tohototaf monewi 
that I®, firem a4 1 Btol(MiJM Mww pwoood ito sad a® a meat h® mry mm> 

sidombW, 0n m«*l h® p«ator tboa 8+a, wbkh tadtoolMf a to the 

tomoMcm el oorbwi atMtoag:h th» motion at fl»t appwurs am mm d 

oemhtoatiaa. TWs diKMaapoMtloo I® #®«a alee fwmi tb» to ito m 4 %ttW 
•tateo. Ciuboo Wrolpblde has a «p. p-, of x-W j b«®« Its moiiieokjr fdhsw« to M, Bd 
Mte v4xmtt of oorhoB, ««a to tho fearm of rfjomia, to not ttM e, oad tte wiw» 
ef S» is M; hM)M M Toltinss after ombtoottoa i^ve ee vohmse-HMi tolm 

ntosea as to dsemnosittoiua. 



end. itio BuipJtiur molts, and its vapour comes into contact with the 
roti-liot charcoal, when combination takes place ; tho vapours con* 
dunso in tho oondonaer, carbon bisulphide being a liquid boiling at 
48®, On a largo soalo tho apparatus depicted in fig. 90 is employed, 
A cast-iron cylinder rests on a stand in a furnace. Wood charcoal is 
charged into tlio cylinder through the upper tube closed by a clay 
stopper, whilst tho sulphur is introduced through a tube reaching to 
the bottom o£ tlio cylinder. Piooos of sulphur thrown into this tube 
fall on to tho bottom of tho cylinder, and are converted into vapour, 
which passoa through tho entire layer of charcoal in tho cylinder. The 
vapour of carbon bisulphide thus formed passes through tho exit tube 
first iut<i a Woulfe’a bottlo (where tho sulphur which has not entered 
into tho reaction is coudonsed), and then into a strongly-cooled con- 
dciwur or ■woriu.'^' 

I^uro carbon bisulphide is a colourless liquid, which refracts light 
strongly, and has a pure ethereal smell ; at 0® its spdoifio gi%.vity is 1*293, 
and at 15® 1*271, If kept foralmvgtirao it seems to undergo a change, 
CBptKjially when it is kept under water, in which it Is iMoluble. It 
at -IH'', and tljo tension of ite vapour is so groat that it evaporates 
V('ry caHily, producing cold,’’’ and therefore it has to bo kept in well- 
etopperod veiwels j it is gonorally kept under a layer of water, which 
hinders its cvaimration and does not dissolve it.'^“ 


Carbon bisulphide, as prejwred on ft largo sonJo, Is generally very Impure, and 
wmtfthis nol wily sulphur, but, mora ospeololly, other Impuritios which give it a very 
dlM^wtftldfl <tat)«r. The best nioUiod ol purifying this molodoroua carbon bieulphido ie 
to fthftlw U up with ft oturtftin amount of morourio olilorido, or oven elmply with moroury, 
uaMl tlw »urftt«t of Uw uiotftl oomob to tixm black. Alter this the carbon bieulphido 
munt Iw inturisd fttvd distiUwl over ft wcilor-baUi, oltot mixing with aomo oil to retain 
lh»t ifttpurUles. 

O' If PftrltuiiMsulphitle Ik» evaporated under U\c roooivor ol on air-pump, or by moane 
ft immittl. itf ftir, It is iK>BslhIe to obtain ft lemporaluro as low aa -00®, and tlio carbon 
Wwalphubs «nt solidify at this toiiuHamturo. However, it tv eories o! air-bubbloB bo 
air.mglt it by uuww of bellowe, a oryaLftlliuo wliite substance rtooins which 
volfttlMwM bdiow 0®: this a liydrftte, HaO.aCBi it^ easily dooomposoa into water and 
»rb«« biiwlpbldo. It Is fonnbd In the above eximriment by tte> moisture held ha tho 
ok tlufoOf h tbs ewj-btm bisttlplji«le, and the loll of temperature. 

n Mtrostg «4«>lw>l t» miscible in dl proportions vdth carbon bisulphide, but dilute 
gJeoJfttl only in a deflnito amount, owing to Its dbaloislied solubility from the-presenoe ol 
^ mtrr In It. &lhwr, bydKHmrlwme, fatly oUs, and many other otgonio substenoes axe 
wdlb peat mm ha «xbo« bUulphide. ThU ia taW advantage ol In praotloe fo*^ 


mono-thioBulphurio aoid— that is, aulphurio aoid in ■whioh on© atom 
of sulphur roplaoo# ono atom of oxygon, With tho sulphidoa of tho 
alkalis and alkallno earthii it forms saline subitancu cooMpondiog 
with the carbonates, and these compounds may bo tenaed thio-mr^ 
bonatf6. For example, the oomposition of the eodlum salt NaiCTj is 
exaoldy like that of sodium oarl^nat#, They are formed by the diroot 
solution of oarbon bisulphide in aqueous soluUouof the sulphidM ; but 
they are difficult to obtain In a crystalline form, beoaome ^®y art ^^y 
decomposable. When the solutions of these salts are hlgUy owo«a<* 
trated they begin to decompose, with the ©volution of sulphuretted 
hydrogen and the formation of a oarl)onat«, water taking part in the 
reaction— for example, KaOSg + SlijO « KbCOj, -f 

extowiUug Uie foHy cQs trem 'r<Nr«nikl« n««(lft, tugb aa UnMed, or tma bmM, ^ 

inte jprapimllon of v«g6iiiUtt cUh k %»HaUy ^am by Uum tu»tl#r s. 

bat the mlda« alwtgra oanttUoa a owteln omewst «f etl. Th«m tooeM of oQ oea, 
bowarer, b« lamoved by tmtmftnluwSth CHurbea bMphltla Xe tbto mmmt a Mtotkn 
ti obtstiwd which wbwk beM«e e«j% {Mrta with «U the eerb^a b(»(d|hMe, kaviof Um 
no«>vciAtQe fetie' oQ bebl»4, to that t^ tiame cerbea ttodphiSs may b# madmmA w»U 
used over ugaln to tbe mne patpoee. Xt abo diweltett Mine, bremlse, ladiarabbcHr, 
nolpbar, and tiuni. 

Carbon blaalphidc, (twfiecI&Uy et High tempera rcry often note by jtn 
1 a a nmtmer In wlUob oarboa owl nolpbar alone arfl not able to rwMt, which will be 
tmtotttood from what bo* beim naid akrvo ro^pooting its wi4oth«rmal Xf it be 

paiaod or«r red'hot mttohi^'e'reA over ooppw, to totoaoe, not to mentbn wkiam, 
it iortM a Bolphlde of the mekl oud dopo^to ehamal, and if the vapem bo pMed mm 
hmodesomt amMIIa mddet it foma moMlk ««dphid«« and wrbaitto imhydiMe imeA 
sosmUom a oartain Mmomst of aaij^aroaii aahyMde). X^mt Md ritokr oiMm g(v« 
undt* IhoM olMmmetMMM a oatbeaate aad a eisd|^»lda>>fto 

•eOaQOy. The 8ttlfihi.da« obtatoid thlf are etfl«a mU Ite itew 

fovbd bi nato«»-to emtple, lead and aatimosy »alpyd««. 

■»» *»■*• a«d lost a« 000b demepoBda to 00» so m 

oorre^potode to 08«. 

If toetohd of a e»l|dilde we lake m ^kaU hyto*l4e, a &i«WKrl»»a*e la aleo 
fwimd, topther with a earboAata-4b««, IBaBf08+S0St«IBa<»f + aa0Os + ®E*0. 
Fwm the totabUity of the thioearboimtee of the elkalhie wetoli »« «*» dm^ 
see th« mnwou oI the dlffiouSty with whieb Oie salts el ^ Imvto m^ata «i» tomel, 
whose biMrie ppoperWM are i»MimparaWy ttiiw titow d the alkali »«We. Bow. 
mmcf these Mdk may be obtaiaed by doable deoompMdttaa. immdtt. to mobfl« m 
tMmik Uiolihide glvesb besides pr^ote Uks those formed hf olhw sJdttU% a 



A remarkable example of the thioroompounda ig found in thio~ 
oymio acid-—i.e, cyanic acid in which the oxygen is replaced by 
aulphur, IICNS, We know (Chapter IX.) that with oxygen the 
cyanides of the alkaline motals RON give cyanates RONO ; but they 


sorioM of producta of as complex a etruoturo as those substanoes wbioh are produced by 
the iw.Uou of ciirboulo aphydiidu on an\monia. In the ninth chapter wo examined the 
Commtiou of tl»o ammonium oarhonatoB, and saw the transition from them into the 
C^SrwvUhm. It is not suvprismn; after this tliat the action of carbon bisulphide on 
ammonia not only produces the above-mentioned salts, hut also amidio compounds 
«»r«8j:mndiBg with them, in which tho oxygon is wholly or partially replaced by sulphur. 
Thus ammonium dlthiooarbamato is very easily obtained if carbon bisulphide he added to 
on dcoholia solution of ammonia, and tho mixtuxo cooled in a closed vessel. The salt 
then separates out in minute yellow orystals, ONgHoSti- 

Carbon bkulphldo not only forms compounds with tiro motallio sulphides, but also 
with Hulphurottud hydrogen— tliat Is, it forme thiocarbonio acid, HaCSj. This is 
obtdned by carefully mixing solutions of thiooarbonatos with dilute hydrochloric acid. 
It then sopamtoa in an oily layer, which easily docompoaes in tho prosonoo of water into 
sulphuretted liytlrogon and oorbou bisulphido, just as tho corresponding oarhonio add 
(hydrate) docomposos Into water and oarhonio anhydride. Carbon bisulphido combines 
not only with nodium sulpliido, but also with tho bisukihido, NoaSj, not, however, with 
tfjn triHUlphido, NoaBj- 

Till* relation of oorbon blsolpbldo to tho other carbon compounds prosonts many 
most intoreBtlng features wWch are oonsiderod in organic ohomislry. Wo will hero 
only turu our attmatlon to one of tlm compounds of this class, JEthyl sulphide, {0jH5)j8, 
oombbee with ethyl iodide, OsHsl, fonalng a now moleoulo, ■S(OsH8)(iI. If wo design 
nate Um hydrocarbon group, for hastanoo ethyl, OjHj, by Et, tho reaction would bo 
cfltprosswl by tho following equation i Bts8+Eii“BEt5l. This compound is of a snlino 
ebaraoUw, corresponds with boHb of tho aJhalis, and is olosoly analogous to ammonium 
dilwlde. It l» soluble in water i when heated it again splits up into Its components 
Btl and Kt|jB, and with silver hydroxide gives a hydroddo, EtjS’OH, having tho 
pnqHjrty nf a dlMlinot and onorgetio alkali, rosomhling oauslio ammonia. Thus tho 
otanjM'und group oomhlntm, like ^Kitansium or ammonium, with iodine, hydroxyl, 
ehh.rin*-, dJa The hydroxide BElj-OH is soluble in water, precipitates motnllio salts, 
»tm*t« aoldo, &n. Uonoo Buljjljur hmre eaters into a relation towards otlxor olomonts 
steUlar lo tliat of nita^ la ammonia and ammonium ssits, with only this dillerono^ 
IHa* alkufin retoias, Imldos iodine, hydroxyl, and other groups, also EU or lt4 (for 
satample, NEjCl, NBttHl, NEt,!), whilst tal|jiar only retains Etj. Compounds of tho 
fcmattift BllaX ora howow unknown, only the products of substitution SBtsX, &o. are 
imriwn. The disUnotly olkallae properties of tho hydroxiao, trlethylsulphino hydroxide, 
iElatlll, and also Urn sliorply- defined properties of tho corresponding hydroxide, 
k*w«UiylMum..Hium hydwxide, NEt^on, depend naturally not only on tho properties 
el tha Mid salpUur onteruig Into their composition, but also on the Iwge 

iKwli.ut of iiydroowclxm groUim Umy contain. Judgmg from tho oxistonoo of tto ethyl- 
«.|uUhw wuiiwimuls, it might be imagined that sulphur forms a oompound, SH4, wb 
hjdrttgwii but no such etaupound i» known. Just as NHj is unknown, although NH4OI 




TV™ and Bedgisc (IttW), by heating atmxluro of lead fluoride and phosphorus 
t6t>“ in on attatwpliere of dry nitrogen, obttdnod gaseous 
MmvdpMd*, or ihkfthoi^horyl PBF*. oormponding ^th 

ii Into a eolourless Uqukl by a prosirare of eleven atpoqihoreB ; 


also combine with sulphur^ aad therefore if yellow prossi&te of poteih 
be treated os in the preparation of potassium cyanide, and sulphur be 
added to the moss, potasiium thiocyanate, lOOS, is pbtoindl Ln 
solution. This salt is much more stable tbou potossiam oyonate ; it 
dissolves without change in water and aloobbl, forming oolourloii 
solutions from which it easily crystallises on evapomtion It may be 
kept exposed to air even when in solution ; in dissolving In water it 
absorbs a oonsiderable amount of heat, and forms a starting-point for 
the preparation of all the thiocyanates, RONS, and organio compounds 
in which the metals are replaced by hydrocarbon groups. Suoh, for 
example, is volatile mustard oil, OjlIoOSN (allyl ddocyanate),’'* whioh 
gives to mustard its caustio properties. With fcnio salts the thitwyanates 
give on exceedingly brUliiuat red ooloration, which serves for detecting 
the smallest traces of ferric salts in solution, Thiocyanio add, HONS, 
may be obtahied by a method- of double decomposition, by disUUlag 
potassium thiocyanate with dilute eulphurio acid. It is a volatile 
odourless liquid, having a emeU recolUng that of vinegar, k sdubli in 
water, and may be kept in solution without change,’® ^ 

The sulphur compounds of chlorine Olg S arid OlgSa may be regardtei 
on the one hand as products of the metalepsk of the sulphide of 
hydrogen, H|S and HaSg ; and on the other bond of the oxygon oom* 
pounds of chlorine, because chloride of sulphur, OlA rMombles chlorine 
oxide, OljO, whilst OljSg oonvwtponds with the higher oxide of chlorini j 
or thirdly, we may see in those compounds the (^frpe of the acid ohloron* 
hydridei^ because they are oU dmmp<»ed by water, forming bydroohkric 

’f* Olthottgt muBlarfl ©B may be obiai»«C fttmn th« tblcKryam^ i» waiy an immm 
o! lUlyl ttiioeyaaate prop#*-, a« Is axplainwl in Orgranlo Cbami^Ury. 

Bttlphur ©an wjly mplaoa half Hw oxygmi In C(),, a« ia &«»«n In tufymlpkide, 

oiT ffionoUiloftarbooio a«hyMd« COB, Thin aabatamm waa ©blalnad by Than, wwl k 
fwtmdl in ^any raanUnaa A eartaln awonali la n.Malnftd If a wiilttre of ©ajrbflnfa 
md &« vapottf of ««J!phm b« paiswl Otrottf b a rsd-bol toh®, Wtwn 0 ubm IwtefoAlarM# 
ia haated with s^Jpbftma# this »ebata»«1« iJki fsrm^ i tes il it b«tt ol»bn»#i 

is a per® form ^ daeempostog pelaariam wift a mtetoe e( aquikl vaJea#* 

of wal«r wd eelNSerio a«». A p« i» tt»a tfdvtd a ft«pWte awwial ©f 

Mbovoale «*Wi few® whihh tl may bo tr««d pawieg it mm 
mslttaasd memitio^d«,whMi iwtainR Ura hydro^yanio aeld. Th« imsUwa 
by eqsattofti MEONS+tHtSOi+SHtO^KifiO^+fWHihiiO^ + iOOi. tl te «Im 
fonaad kf th# tapeor of earboa bhielphlda mm aJeHiBa m dlay to 

rad»«m (taliw; riltm hi than formtd), OOi it alM A>m»d paMi:^ 

phoftgeno mm a 1 om| layw of Mbwtoa mixad wtto wdlw wdi^dAi al W* i Cdi + OOCb 
raOdda+OOB (Kerlwlwa, MMh Tha nnr» ha« aa umaaaMfi odattii. la Boliihiii in 


apparatus dopicted m fig. VI. As sulpnur olilonde is deooiaposed by 
water, the chlorine evolved in the flask 0 must be dried 'before coming 
into contact with the sulphur. It is therefore first passed through a 
Woulfo’s bottle, B, containing sulphuric acid, and then through the 
cylinder I> containing pumice stone moistened with sulphuric acid, and 
then led into the I'otort E, in which the sulphur is heated. The oom- 
pound which is formed distils over into the receiver R. A certain 
amount of sulphur passes over with the sulphur chloride, but if the 
resultant distUlato ho ro-satijrated with chlorine and distilled no free 


V 



iulpbur remains, the boiUng-polnt rises to 144“, and pure sulphur 
olilorido, BaOla, is obtained. It has this formula because its vapour 
density reforml to hydrogen is 68. It is also obtained by heating 
oertaln niotallus chloridoa (stannous, merourio) with sulphur l both the 

Tltttr*! Ir m rewon <«r seeing any oontmcliotlon or mutual inoompatitility In thoBO 
Caree view*, Vwjeuee e'feiy auRlogy is mote ot lesB modifled by a ohongo ot olomentBU 
Tbu». ft.r Inelaiire, it eanmit bo esiMmted that the product of the motolopais of hydrogen 
wiitihido would fMemblo the TOrreurmndlng products of water In all reepeotB, because 
watsf biw wet the acid prtiiwrliw of hydrogen sulphide. In "the days of dualism sna 
clffg jffc ft l polarity it ww* »upj»o«od that the sulphur varied In fts nature! in hydrogen 
tulphid* m poteMiom sulphide it wa* oaniddered to be negative, and In aulphurons 
anhydflde or sulphur diohluride positive. It then appeared evident that sulphur 
dtohWuk would have no point of MuJOKy with potassium Bulphide. But metalopsia, w 
Us wwvwsitm in the law of substitution, newssltates such opinions being laid aside. I* 
w mn «m.par« CO» OB*. GCk, CHOU. OHsiOH) with each other, we cannot rwgnise 
say dlflureiwe In the ealphusf in 8H«, 801s, 8Ba. t» Swiefal SXs, for otherwise w« 
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metal and chlorine then oombino with th® tnlphur, Solphor chlorid® 
is a yellowieh'brown liquid, which boils at 144®, and baa a ijwjido 
vity of 1 70 at 0® It fumo* strongly in th® air, r«mting on the moktar© 
contained therein, and hn® a heavy chloraabydrous odour. It diwolvw 
sulphur, is misoibi® with carbon bisulphide, and Mk to Ute bottom ei a' 
v®M©l containing water, by which it is dwmpcNied, forming itttlpbartM» 
anhydride and hydrooblorio acid ; but it first forms various lower 
stages of oxidation of sulphur, bocauso the addition of silver nitiato to 
the iolution gives a black precipitate. With hydrogen sulphide it givii 
sulphur and hydrochloric acid, and it rmctii dircsotly witii motal»~ 
wpeoially arsonio, antimony, and tin— forming sulphides atul ehlorldM. 
In the cold, it absorbs oblorinfi and giv« ntiphur dwfi^orik, 80*. Iha 
matlr© converaion into this subitanco rociuiriw tho prolongfd pasaago of 
dry ohlorino through sulphur chlorid® surroundetl by a freering mixture. 
Th® distillation of the dichloride must l>a conducted in a tttrmm of 
oMoria®, ai otherwise it partially dooompoaea into sulphur chloride and 

should havu to nokaowlodg® os miu)2r ditfmnt of isdphwr, oathm, or M 

thsiro are cow{K)tmdii of Hulphnr, when, or bydtrogo®. Tho mmHuI trath df Uto tHM,tl«r 
it! Umt nU the olemoats in a molwulo pitty Ihoir Ut tho roaotionM inkt whioh it tt»t«tiit. 
Ofton thin Rj»i«iar« to ho oonlrmlit^ted in tho rooalk-for oxawjdo, hydri»(|o» olmto may 
bo roplurood; but it !» »ot thin iiydrog’on alouo that hau dotomvinml Urn rMt'Uun; alt 
th» elofflontit prooonl hsvo {NarUciputod iu It. Tiho may ho mukto t-lwor by tto 
following rough lUuotmtiim. Bopping two rogimonUt of MtitUora wom ftghUng ugolittl 
saoh oUi«r, and that nmnwmlofttby onooftlmroffmenUi m>me(K«akt »ay 

it WM only th«M mm who took port la Baa ongafamwit. Tb« otb«dr mm ftrod and 
bdlati flow mm th« booda of Ihohr eppoaonUi. Xt wa# iEK»t only thowi wto feU who 
fmgb.t, ultbcagb UMy only wm ramov^ from th® Md of hatlto; Vm i^ttag ptmmSM 
amc^ tho rnsM^ hat only’thooo few woro dMblod wite wml temrd m 4 wm Mr« 
oomwplmouo dfe.| not that tho romaiador did not feko part in lb# aelliw: tb*y alw 
fought ftad wniro an of attaoh, only they rwnwined inmnd and unhurt. Ilydr«if« 

fe Ugbfer than othur olemonfe arid ita aUwtm mon« wublln; it tiwsrn fnnitwatly 

and oaaily hr r«HU’iiun» ; but it ia not it aknm which react#, It i# mon le**!! twt4»» l»i attack 
than oUiar uluraouta. It t*a.rUeipat«» IneatwtKlingly dimraa rwmtuma, H»»t uolwnl twauso 
lb® hydrofw ifeelf variwi, but Iwcauw^ on# atoai of it pufe ll»»lf forward, arwtbar I# 
hlddoa, OM fe ttniM with Mrbon, atmihor fenbly bald by «ul{diur« oim aiatut# m atotM 
ia Mm notfbboarhood of o*yg«a, aawiber fe |oia«l to a hydrowyrbtw. All hydrepta rto»* 
AM OdUidr and e^a«Jdy Mrto as an ubjMl of attwk fur tho akmw of moIwulM Mieuaftlurliig 
thorn, hut thwofflalyaruraaor^tem tho of iwtfew whWh iyre»«iM«i' tb« •wfewe# 
a ttblMUl®i whUu an mwo rndbU#, w btltl by a Iw aam of Cmm*. te ahtt) fe 

mm mA . lana ta mlphne dfehlwldo, in aulpbunua m sulj^wfe wbjnM% la 
l^fftropn rndphUl®, la pofenium suipbldo, hut it kmIs di8«Mntl|, m 4 IhoM 4«Mibi 
whfeh aw wifib it oIm vary la Ibair moMotti tb«y an with It, and il Ife 

naetloH* it fe with tbm. XI to pt»«ihl» te «» a Awaeter te* 

fiinta.S'iuaMAniLA #4 ta ct if ««S4I«S &mJI J»na1li«a ifa&«,f «-.< a .» ken. .,..4 la 9k k...u. _ ..f ..... f 4 * .» Ji 


•Yolatiliaoa at 64°.’’ 

Thionyl chloridot SOOlj, may bo regarded as osidised, sulpliur 
diohlorido ; it oorrospouds with sulphur chloride, SjOlg, in which one 
atom of sulphur is replaced by oxygen. At the same time it is chlorine 
oxido (hypoohloroufl anhydride, OlgO) combined with sulphur, and also 
;th0 ohloranhydrid© of sulphurous acid— that is, SO(HO)8i io which the 
two hydroxyl grou|i3 are rejplaced by two atoms of chlorine, or sulphu- 
rous anhydride, SO®) in which one atom of oxygen is replaced by two 
atoms of chlorine. All these representations are confirmed by reactions 
of formation, or decompositions j they all agree with our notions of the 
other oompounds of sulphur, oxygen, and oWorine ; hence these defini- 
tions are nob contradictory to each other. Thus, for instance, thionyl 
chloride was first obtained by-Bobiff, by the action of dry sulphurous 
anhydride on phosphorus pontaohlorido. On distilling the resultant 
licluid, tluonyl ohlorido comes over first at 80”, and on continuing 
the distillation phosphorus oxychloride distils over at above 100”, 
POljt + SOgMFOOla + SOOlj. This mode of preparation is direct evi- 
denoB of the oxychloride character of SOOlj. Wfirtz obtained the same 
sub»tatico by passing a stream of chlorino oxide through a cold solution 
of iulphur in sulphur chloride ; tho chlorine oxide then combined directly 
with tho sulphur, S 4* OlaOsaSOOlj, wlulst the sulphur chloride remained 
unolmiigtHl (suliihur cannot bo combined directly with chlorine oxide, as 
an oxploHion Uikcs place). Thionyl ohlorido is a colourless liquid, with 
suffocating acrid emoU ; it has aspeoiBo gravity atO” of 1'676, and boils 


TUfl obMTved vapour aonslty o* tUohloriao referred to hydrogea ie 68 ‘ 8 , 

0ml Klwa By the tormulft le Bl'B. The emaller molooukr weight explains its bo^g 
pi»i«t Iwing lower Umt» that of sulphur olvloride, SflOla. The reootions of both those 
Cimtpuumls Me very similar. Sulphttr oouverts Ure diohlorido, SOI 9 , into the mono- 
chl..H.U.. HjCM,. In cme point the dieWoride differs disUnoUy from tho monoohloride-- 
that (s. in its rajmoily fnr easily giving up ohlorina and deooraposing. ®von light do- 
p.mjH'ses It intu t UluritiB and the mnrumlilorido. Ilonoo it aots on many substonoos in 
Idle (»r«w iimimer as rhlorints, or Bubstaaoes which easily port with tho latter, such as 
»a««i.h..ri.u.r anlimunio chloride. In distlnolion to these, however, sulphur ^chloride 
would api'uar Us distil without any oonsidemble decomposition, judging by the vapour 
Hut lids is not a valid etmolusion, for If there bo a decomposition, thsa 
now the dmmlty td sulphur ohlorido «67'B, end of ohlorine® 8 B'B, 
imd flMHmottuuliy a mixture of equal volnmos of the two « Bl'B, just the same os im 
mmI ftda«w of sttlpliur dWdoride. Thtr^on the dMiUaHon of tul^hur, diohlor^ 
is moMlM m>th4m M iU dmmp&tiUm, Hence the eomponnd SOlj, which is stable 
imliuary l««tH.mt«re. decomposes at 84”. In the cold it absorbs ? futjhw amount 
S AUtim. rntm^nAlm to SC!*, but even at -10” a portion of toe absorbed ohl^o 
t« t^- 4 hrt la, dtesoetalion takes place. Thus toe tetrachloride is oven less stable 



Nomml mlphurio mid has Cm corresponding oMmvtnhydrides j iho 
first, S0a(0H)01, i« sulphurio add, S08(H0)|, in wtioh one ©quivalout 
of MO k rejpkoed bj obloriAO ^ th© »©ooad ha# tb© oompadtion SOgOls— 
that k, two HO groupt ar© aubt titutod by two of dbdorino. The looond 
dbiloranhydride, or th© compound SOgClg, k callocl sulphuryl chlorule, 
and th© fiwt chloranhydrido, BOgHOCI, may bo called ddarosulphtmio 
#3id, iKsoauio it i« really an acid ; it still retains om hydrwxyl o! aub 
phurio add, and its oorroapomUng salts 4ro known. Thus, jwtaatium 
oWorid© abnOrbi the mpour of sulphurio anhydride, forming a mlt, 
SOaKOl, oormspondlttg with SOiHOl as add, In Mting otj *odiuwi 
dbiorid© it fomt hydrooWorio add and the t&It NaUOaCi, Thk first 
chloranhydrido of lalpharie add, 80j[H0Cl, dkeovared by ’WlUikaisoo, 
k obtained dth®** by imticm «f phMphoros pentaohlorid© on iulphurio 
add (Pag+H^O^-POOli+HOl+HSOsa), or dir«% by thoaotiwi 
of <hry h^dmhlorio add on tulphurio anhydrido, 80j + K01wH80*Oi. 
The meat ©aay wid rapid method of its formation k by diroetiaturktitm 
of oold dSTordliausea add with dry hydrodi brio acid gw (HC>j, + lIC3i 
wHSO^Ol), *md diitUktion of tho resultant aolutidu , the distillate 
then oonCaina HSO^Ol. It is a oolourit»ii fuming liquid, Ijawing an wrid 
odour } It Wls at 16S** (Iwoording to roy detirmlmtlop, oonfimitd by 
KonoTidofl), «nd to speelfio gravity at 19* ia MT6. It i* imm«lkt«]y 
d®oompo« 0 d by wat«r, fwmbg hydroohlorie and jiulpharito addi, m 
ahoald be Ihe <»8e with a trer ohkranhydride. In the smotioM of 
this ehlomnhydrid© w© find th© 0 MS«ft mtens cd introduoing th® 
Bulphonio group HBO^ into other oonsfwundB, IwKsau*© it it here combinisd 
with ohinrino. Tlmteocmd chloranhydrido of sulphurioaoid, or suiphurgl' 
Morkk, SOgO)», WM obtained by Ili^jault by th© dinsot Aotion of Iht 
aun's ray on a mijcturt of equal volumw of chlariue and iulplrarow 
oxidi. Th© gmm grikiduidly oondenst Into a liquid, eomblning tether 
u ewbonio oxidt do« wittn ohloriat. It k ate obkdadi when a mix* 
tort of thi two in aottio add to «dlow®d to itaad for io»f lira#, 
!Ilka fi»t oWtawMCihydridi, SOiHOl, di»oap»©i wbw h«^fedl at ia 
a di«id tob« into wlj^nrt© acid and tulphuiyl Alorida. It WU« at 
?0®, it* sp©dA© gravity ia V7, It |^v« hydrooMorto and inlphurle a«i# 
vdth water, fam(M In toi air, and, jud^bf by to m]^uf dinalty, do« 
not dktooaapoti whin diiffled.^* 

HMf wd StaM (Ml) oMa«4 IranMe, S05% bf 
irtth Mltfwn bimtd# I iU« mil Uq«l4 P> I'M, Ml «l IM^> 

, W «W«rMft, S|OsC% 8*« Wd» U, Tbfflffs' adl EtrwMB, bf 


<— fluorino, ohlorino, bromine, and iodine — and we meet with the same 
number of closely allied analogues in the oxygen group for besides 

The ftoidfl of Bulphur naturally have thoir oorroapouding ammoniuTn salts, and the 
latter their amides and nttrilos. It will bo readily undorstopd how vast a held for 
reaearch is yroaouted by the sorios of compounds of sulphur and nitrogen, if wo only re- 
raoml«r that to earbouio and fonnio aoida there corrosponds, as we saw (Chapter IX.), a 
VMt aeries of derlvalivoB corresponding with their ammonium salts. To eulphurio acid 
there oon-e»po>icl two ammonium salts, S0(,(H0)(NH:4C) and S0a(NH:40)a, throe 
Mnldea . the aoid amide 80 a(H 0 )(NHa), or sulphamio ooid, the uormal saline- compound 
80 a(NEiO)(Nna), or ommonluTn sulpharaate, and the normal amide SOa(NH3)a, or sul- 
phamltlo (the analogue of urea); then the acid nitrile, 30 N(E 0 ), and two neutral 
nitriloH, 80 N(Nna) and 8Na. There are similar compounds corresponding with sul- 
phuroUB ttold, and thorofovo its nitriles will bo, an acid, SN(HO), its salt, and the normal 
eomixjund, HN(Nna). Dlthionio and the other acids of sulphur should also have their 
eogrreaivontilng amicles and nitriles. Only a few examples are known, which wo will 
hrlsfly deaerilio. Hulphurlo acid forma salts of very groat stabilitjr with ammonia, and 
ammeniura sulphate is one of the oommonost ammoniaeol oompounds. It is obtained 
by the direct actimi of ammonia on snlpburio aold, or by the action of the latter on 
onimotilum carbonate ; It separates from its solutions in an anhydrous state, like 
pntMaluin iiulphale, with which it is isoTnorphous. Konoo, the composition of crystals 
of atuunmlnm wulidmU is (NIEbBOa. This salt fuses at 140 °, and does not undergo 
any eUauge when heated up to ldO°. At higher tomporkturos it does notdose water, but 
{Marts with half its ammonia, and is oonverted into the acid ssU, HNH4SO4 ; and this 
oeUl salt, on fnrUter heating, undergoes a furtlmr dooompositm, and splits up into 
nihrogen, water, and oeld ammonium sulphite, HNH4SO3. At the ordinary temperature 
Ww normal salt is soluble in twice its weight of water and at tl\e boiling-point of water in 
Ml w|ual weight. In its faculty fur oomblnattouB this salt oxlUbits a groat rosemblanoo 
to potaBsinm aulphate, and, like It, o&sily forms a number of double solts ; the most 
remarkahle of which am the aramoulji alums, NH4A18808,13H30, and the double salts 
(oftnwl by Iho nintala of tho maguoBlum pqup, Iravlng, for example, the composition 
Amtnnniuju evilphato docs not givo an amide when heated, 
perhaps owing U» tU« faculty of sulphurio anhydride to retain tho water combined with 
it witli great htree. Hut the amides of lulphurio acid may be very oouvaniently prepared 
from Kulphurfe anhydride. Their formation by this method is very easily understood 
hmiem on amide is equal to im ammonium salt less water, and if the anhydride be 
leJkstft (I win give on amide directly with ammonia. Thus, if dry ammonia be passed into 
a veewil surmundcd by a freenlng mixture and oonloiuing sulphurio onhydride, it forms 
a white iMTiwilcry ma*« called eulphalamraoD, having the oompositlon S 0 j, 9 :^N,and resem- 
Wteg the shnilw cnmjMiuiid of oarlKinio acid, COa,aNH3. This Bubstanoo Is naturally the 
awimmlMm wH of sulphamio acid, 80,{NIl40)NHa. It is slowly acted on by water, iind 
may thorcforo Iw oVitomwl in solution, in whtoU it elowly rooets with barium chloride, 
which that wiUi water it etill forms ammonium, s^phato. If this substanoe be 

MurafttUy dl8»«lved in water and eva{K)ratetl, it yields well-formed oryatolB, whoso solution 
no te««ar givpa a precipitate with barium ohlorlde. This is not due to the presenoe 
el tapurihe#, hut Ui a change In the nature of the substanoe, and therefore Eose calls 
4 h« erystaltlne tm»diflcatiftn parmtdphutanmon. Platinum chloride only prooipilatee 
frolf the ultrtfwn m platinmshhHido from solution# of sulphat- and pnrasulphatommon, 
which shows that Uiay are amwtmittm oolts, 808 (NH* 0 )(ISIH«). It may be that tho 
t4 the Aififarence In the two modifleationB is oonnscted with the foot that two 
dJttwwnt MihstMte#* ol the wmptmUm N9H48OS are posalble: one is the amide 


dt «*» M Mm Mii tF)p to prmwt, th« 

tettnwtei iadimtei *J»ow bm l9««i brt Iri^ bt tjbi iobitrt ©f 

its^ufehm. 

U t» lb» pf MrtiM ite a«BBwlii ead tite wdptetb W 

tokta In «mMt % «4mU« mteteot ^ l» fermtA, 

«»p**a4 Atolflrf % mbA 'WmmJxk toabtti** al» 

ft Mil *rf tiiliwmte mM— tt*l S*t d ^ waWte wwftwpondtai i«rtlb Iho fteiii MmtwMjiftm 
H/l«(MIt,jHCii,|OM), l*»t*Wy it te ft twaptwisl of »tt}|4»teJt». 
mm with B»!|tt«i»l« »wf-';kl. H hft« m wW ftai &>#« »»! ffw 4 tw»«i|4to,l# 

wife bwittm ehbirbtw. 

Wilb Rwrwjd «*l ft»»tta}a«, *» ii«l4# «f tW NgH*SO^ ubewid 

wtiW* l»«M «m» wUMom to ii»ipburi« «i4 » M«a l»««* to 

1h«i8 ^4. Tltto «Ri<Kbw»»tt M* iMliAfSwMf, ta by lb« aiiel4»»«i of Ary wwmoalik 

« 1^ I Afewid®, 1^ M wfm in fey ^ teltea d( waywaJA m 

StVJlf Mtmkiwium «ynw4fl I# 
ftww wllb wi*«r, mUm w WMfc 

p^lwf^ ttM Mbi ti#t odd KteUtM dtM Ml gtm ft pMipitote wilb Iwrtttn 

4JIm& 84^ M i-l«to«}y, Mllw9 4(iMtMM| ta4cAMta«4^p«diytlf ta Ua 
P«mm <d sIWte m (I rMsmteM wftte» wi ^tw m 
wil. ¥. Twftte (IW} salpbi«M« % iNi tMeliiw »t to 

di^d«w, %fm »w»r*l*. Tito r»#ttltol pr«ej^tei« dtaeltm wl»a wbibw »p wito 
Wftirtr, Mhl lH» WU«i wAli Itw twkto# trf l«4 m #4lif«r) i* evAtnWftldlt 

•mbm ft ^wiiy tojtikt ffwmfttiw. Wiib }air*l« «*l ri}»«r ito* tolto giw* m »U«i c»»m|*ott«d, 
wWA» irltoM ifl«p» 4 i»p«»m} fey feyArwifetorto ft«id, gltew trm i»ttlbbM»4«fe» fa krif* ccAomrtofta 
ftiyfttotft. feftvtojt lfe« Tte *Bt:*ta#6« t%*m ai Al*', feftgiM to 

Auftsrtftlftfftw Wnw IW’i m» 4 te *s«lte«t| tataittpwwi %\mim tur | H Iss «4e4»to to wftter, 
ttito ife«« widtttotH itfti ft n»eM*«i ftfti feiltesr tote. Wli*ti Hfii«| wllfe seltta, 

p«4ftftXty feitwittg mM tuto tuftmctnlft. II ^ cUw 

dtoft6to4feyltoi«Mrt^ «l ftuli^iiiWftoftttiiStttrf taiwrturtftA IW^XW* 
MW ftWftw«to to M h«wir w^vtii m4 Um fe* «etoMl«i wlf^ wftfew 

ftlferlft ft«i4 ft litl tmm Uto i^taA, WMwto^ to Ito to 

«tti^^»iAft,80-9M4f*wWah - toftftmWft 

■d" ^jAftnyj sfetortito C«td tif Uw lAm eW«rftitoy»WAMi of tttt)}4)M) « ajaBWontom cwf* 
fewfttoilwftfft, m il«»te ttfetmwl {!*#), Wi»ftlte to Uw tif 1^ mil N 

Tbs uiyrito eot»w»|»ttdii« wilb mlpfetifte ft®id wa mI « y»l knowm wJlh my 
Tit# mmA ftllrtift (mr<^p<w4lf« wito »dj^»rto mM MtomM feftvtt te 

Tbto wfmfel fe» ft ktoi d 

Nlpterto Cto en^biMMi wito wrfeMls Mid, mv tod 

fttMy ^wi ft to toMf ftfli towAiw II h» MfMtoA tod 

ttIMb bvriii to* MHf^m iSB mA If A wmM Ito ImA fte 

Ntoi l» Md mm dMwA Ilf S<}«Mim, fey to« 

mi to kwift •• M A 1* to IwswrfI to 

Tl« {w» mUw Md «flMi«» 

tm d^^vdl fef m ttw «lto fl«toW' to» 

bdftg BMfe ta ttm to« tl to ft fAw wetetaMs, wfeM to 

to to^ ifM imA U Mq^biM wIm mfeM wito ft ImA 

•iiiMttW, W^wtoMUydiimifW^ wlto,lfe««fdtoted[ntoc^wi MwImifeMddI 
i| liM «Mi odiy dftmnpMw irtto d U to 

iK^toAto Ift Mril w to iMM, tto«^ mA MitoM to«ttl.fM» { IM pwto 

Al'Ilto'Mbd iMvftliifwdd tdto^nft •dtoUAftdito fedUag WitdMn. 

£4 iiM. Mft ft f j ftJ sftfcd t tiHrt i ft ftiiM Mft u a iim i A ^ a o^iMiAmPk dmltfftdi 


Taaemiaive* m ^no mmo uogroo lor cqq euemeaxs or too oxygen group. 
Amongst tho hnlogens fluorine has many peouliarities compared to 
Cl* Br and I which aro more closely analogous, whilst oxygen differs in 
many mptsota from 8, So, To, which possess groator similarities. The 
analogy in a quantitotivo respoot is porfoot in both cases. Thus the 
hftlopw combine widi II, and the elomonta of the oxygen grohp with 
llj, forming HgO, HaS, HjSe, HjTe. The hydrogen compounds of 
«le»!um and tellurium aro adds like hydrogen sulphide. Selenium, 
by limplo lumting In a stream of hydrogen, partially oombinea with ft 
dlrootly, but sclmdurettod hydrogen ir more readily decomposable by 
httti than aulphurottetl hydrogen, and this property is still more 
diwloped in tolluretUd hydrogen. Il^^drogen sdonido and tollurido 
art like sulphuretted hydrogen, and, like it, are soluble in water, 
fonn saline ooroptmnde with alkalis, precipitate motalHo salts, aro 
obtaiwd by tdm action of imltk on their oompounds with metals, &p. 
Bdenium and tellurium, like sulphur, give two normal grades of com- 
WnaMon with oxygen, both of an add character, of which only the 
forroi oonwptmdiag to sulphurous anhydride— namely, selenious an- 
hydrid®, 8e0s, and tollurous anhydride, TeOa’^—aro formed directly, 


» la a roktUft boUP, which nryatnUiae* in prUmo eolublo 

tn w«.U»r. 14 h Wal jinteurwl by Ut« w»4ioa of nilrio acid on Bolonlum. Tlio woll-known 
(•! HiWm (IH74) alwwoiV Uiat Uio salts of sekniou# ftold ooaUy form mold salts, 
«*d m mt ol»f(wU‘risU« in «mny rosjwU Umt they may even servo for judging tho 
eMt«y of typM* of oxMam. Thtut the oxidoe of the compoeiUon BO give normal soltB 
the whOM » » Mo, 0 ^ Nl, On, 2 ». Xheeolts of mognesinin, 

Mm, mWm emtelB a dtiwftl fCooUtr of w»t«r, m do also the salts of the 
W« hm tarn olteatkn to ^e foot that betylliim gives a normal salt, 
ItetoO^tKfO.ftiad Aot fcisyitaaidogons to these of dominliwn, soondittm, 8oa(SeO|^)i,H90, 
ftlrlem, YtCfsOgWliEWi other o«ld« of the form BaO*. which speaks in favour of 


(cimtiW !l#0* 

74Mm« is Ohio a ooleurkss solid, whloh oryetaUisesin ootohedxa ; it also, 

wb«i heiiM . tall hww® ft«d then volatilises. It is insolnblo in water, and the deoomoo-. 
rf to mdu sitm a hytoto, S|TeO», which is la^uble. 

II ta a taty dMirMtwtistlo ehomsknoe that selenlons and thUnrous onhydridee 
M f«l ■“rffr r cfftt f r! to eekalttrft and tollturiom. This to not only eflecW by metals 
rfas* «r bf sdghBWttftd hydrogen, whieh ore powerful dooxldtoers, but even by sol- 
to shk to peedpi^ aeknlum and tellorima from solutions 
M4 toUwrites, and even of tRe ooids themselvssi which to taken advantage 
# b glmfM tft and Mporating them from sulphur. 

fal l, M Wi taww, wuteh eete as on oxidising agent. It to otherwise with 
uA rtwfte and HaTeO*, whtoh are powerful oxidtoing agente— tbod 

to. “ f-**? b oirometanees either into the lower oxide or even to selenium 

A powCTtot agent to roqtai**^ b order to convert sebnions end 



Th«# art both idicl#, obuisml by th« cowbuiUon of the eleosint® 
theiiw^lv®* »mJ by th© wtion of o3ciiJi»ittg m them They, form 
fw>b!y energelie aeWi* hftwiof dli«ti«et bibi«l*i prtsprttti ; however, » 
©harAt’i«>ri*tle tlitfewmw from 80^ l« obm^Abl® t»th lo the phytle^l 
of th«9 fn ti|«lr •tahllily anti eapelty for 

further a*kl*tl«i, junl m lu the »©riwi©l thi hah^iw alr*it4y kncwru to 
ft*, ottly In »« Ittww »r*i®r ; in th« httt#r w ww that Iodine oomWnM 
ttior# malty tliwi bromine or oHtorioe with i«y|»n, forming room stebl© 
hiygeti ’whottmn here, on th« oontrary, »ui|ihwrum unbytlrid®, 
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t» 4 t* *4 » tt'- Tto w.i.'l IB Si, aUU fell# m «|>, $t 'iM w »4 4 to tm4i4 lit. 

Itlli* m.i4 tmiitirnm t>ham atiWfc^ptoj"® J H |» ftml 


to ais 44 . hwi ws^ 4 i«s« mii f'lsfeis 

swfcIsiS, tsWB*# ssutoati*# m-iA, 

• s tt/l 9 «*% # 4 * 4 . lt,T»*,V to s 4 to((<iM 4 to tmimg tolJ«»«a MifefKitiilw 
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m w© know, is dlffloultly deoompbse^, parts with its sulphur with 
difficulty, and is easily oxidised anel especially in its salts, 'while 
oolenious and tellurous anhydrides iiro oxidised with difficulty and 
cosily reduced, oven by moans of sulphurous acid. 

Menium was obtained in 1817 by Botzelius from the sublimate 
which collects in tho first chamber in the preparation of sulphurio 
ttoid from Fahluu pyritos. Certain other pyrites also contain small 
quantities of selenium. Some native solonidop, ©specially those of lead 
luoroury, and copper, havo boon found in tho Hartz Mountains, but 
only ii\ wnall <iuantiUo8. Pyritos and blondes, in which tho sulphur 
iu partially n'placcd by aolonium, still remain tho chief source for its 
oxtraotiou. Whon these pyritos are roastod they evolve selenious 
fuxhydriile, which condonsca in tho cooler portions of tho apparatus in 
which tho pyrites are roastod, and is partially or wholly reduced by 
tho isulphuroua -auliydridn simultaneously formed. The presence of 
wlouium in onw ami sublimates is most simply tested by heating them 
tmfore thei blowpipe, whim they evolve tho characteristic odour of gariio. 
fe^olimium exhibits two modifications, like sulphur : one amorphous 
mid tntolublo in carbon bisulphide, tho other crystalline and slightly 
Bulubloin oarbon bisulphide (in 1,000 parts at 46* and 6,000 at 0°), and 
so|»ar«.ting from its solutions in monoolinio prisms. If tho red prect- 
pitato obtained by tho action of sulphurous anhydride on selenious 
anhydride be driiKl, it gives a brown powder, having a specific gravity 
of 4’20, which when heated changes colour and fuses to a motallio 
rnoM, which gains lustro as it oools, Tho soloniura acquires different 
pniportic# according to the rate at which it is cooled from a fused 
Biftte ; if rapidly cooled, it remains amorphous and has tho 8f\mo specific 
gravity (4*38) as tho powder, but if slowly cooled it becomes oryatal- 
ilno and opaque, soluble in oarbon bisulphide, and has a speoiflo gravity 
of 4*Ht), In thiu form it fuses at 214* and remains unchanged, whilst 
tlw atnmqtlums form, espeoially abovo 80®, gradually passes into the 
cryatolUne variety. Tho transition is accompanied by the evolution 
of Iwmt, 01 in tho ©mo of sulphur ; thus tho analogy betwoon sulphur 
and selenium Is dearly shown hero. In tho fusod amorphous form^ 
idonlum prownte a brown mass, slightly translucent, -with a vitreous 
fmotur©, whilst in tho oryttodlin© form it has tho appearance of a grey 
mttftl, with a feeble lurtro and a oiystallino fracture.’® “b Selenium 


boils at 700®, forming a vapour whose density is only constant at a tem- 
perature of about 1,400°, when it is equal to 7 9 *4 (referred to hydrogen) 
— that is, the molecular formula is then Se 2 , like sulphur at an equally 
high temperature. 

Tellurium is met with still more rarely than selenium (it is known 
in Saxony) in combination with gold, silver, lead, and antimony in 
the so-called foliated tellurium hre. Bismuth telluride and silver 
telluride have been found in Hungary and in the Altai. Tellurium is 
extracted from bismuth telluride by mixing the finely-powdered ore 
with potassium and charcoal in as intimate a mixture as possible, 
and then heating in a covered crucible. Potassium telluride, K 2 Te, 
is thqn formed, because the charcoal reduces potassium tellurite. 
As potassium telluride is soluble in water, forming a red-brown 
solution which is decomposed by the oxygen of the atmosphere 
(K 2 Te + 0 -f-H 20 = 2 ICH 0 -|-Te), the mass formed in the crucible is 
treated with boiling water and filtered as rapidly as possible, and the 
resultant solution exposed to the air, by which means the tellurium 
is precipitated. In a free state tellurium has a perfectly metallio 
appearance ; it is of a silver-white colour, crystallises very easily in 
long brilliant needles j is very brittle, so that it can be easily reduced 
to powder ; but it is a bad conductor of heat and electricity, and 
in this respect, as in many others, it forms a transition from the metals 
to the non-metals. Its specific gravity is 6‘18, it melts at an incipient 
red heat, and -takes fire when heated in air, like selenium and sulphur, 
burning with a blue flame, evolving white fumes of tellurous anhy- 
dride, Te 02 , and omitting an acrid smell if no selenium be present , 
but if it be, the odour of the latter preponderates. Alkalis dissolve 
tellurium when boiled with it, potassium telluride, KjTe, and potassium 
tellurite, Ka^eOa, being formed. The solution is of a red colour, owing 

form, but these researches ore not to oondusiTe as those nj^n soluble silver, and we 
shall therefore not consider them more fnllj. 

80 tellurium thus prepared is Impure, and contains a large amount of selenium. 
The latter may be removed by converting the mixture into the salts of potassium, and 
treating this with nitric acid and barium nitrate, when barium selenate only is precipitated, 
whilst the barium tellurate remains in solution. This method does not, however, give a 
pure product, and it appears to be best to separate the selenium from tlio tellurium in a 
metallio form ; this is done by boiling the Impure potassium telluVate with hydrochloric 
acid, which converts it into potassinm tellurite, from which the tellnrium is reduced by 
eulphurouB anhydride. The metal thus obtained is then fused and distilled in a stream 
of hydVogen ; the selenium volatilises first, and then the tellurium, owing to its being 


OUJUl'JUUjK., OJttijJtiiJMlUm, AJNJU 'JLJBJjJbUKlUja, Z/O 

to the prwenoa o! the tellurido, KjTo ; but the colour disappears when 
the iolutlon is cooled or diluted, the tellurium being all precipitated f 
MsTo+KsTeOa + 3H3O-0KHO+ 3Te.8» 

w Tbn ae«raipo«lUtm prooftefls in tlio above orflox in the oolij, but in a hot solatioa 
with Mt oxoe«« of potesilum hytlroxUlo it prooaods invoraely, A aimilar phonomenon 
pkw whoa tellurium. 1® futsod with oilcalia, and it is therefore nocosaary in order to 
obWn potMuium tellnrlde to odd oharooal. 

0«lBnluro and teUurinta form higher oompoUnda with ohlorlno with comparative 
®a»B. IPor Mlonittui) SeCda and SoCb are known, and for tellurium ToClj and. TeOL,. 
iHw tetowhlMtidoa of wlenium and tellttrium are formed by paaaing chlorine over those 
#k»wnta. Hiiluhlum telraohlftride, B0CI4, to a oryatoUino, volatile masa which gives 
Mihydrkle and hydroehlorio ooid with water. Tellurium totraohlorido is much 
Im vttkute, fusM oMily, and is oloo dooom|.)osod by water. Both olemonts form similar 
eowtwtiada with bromine. Telluriura totrahromido is rod, fuses to a bro^ ligdd, 
wUtUiwa. orul fivM a oryiitalliao salt, EaToBre, OBgO, wiiih on aqueous solution oil 
pirtMtluin bromide. 



